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Expanded Assembly Lines Increa: 
CURVACORE Transformer Producti 


T Is NOW EASIER to obtain Cywrvacore distribution trans- 

formers. Production facilities are expanded. You'll be 

able to take advantage of the inherent benefits of Curvacore 
transformers sooner. 

Curvacore transformer design improvements give more 
performance for your distribution dollar. Cold rolled oriented 
steel strips have high flux carrying capacity and low hysteresis 
loss. The core steel is wound, shaped, annealed and cut into 
two turn lengths, Then each length is fed through the coil 
structure so that it retains its original core shape. 


You benefit from these improvements: 
1. 50% lower exciting current 
2. Better ratio of losses 
3, Improved short time thermal capacity 
4, Size and weight reduced 15% 
5. Regulation improved up to 15% 


This wound core design provides a more efficient path for 
the magnetic flux, resulting in low exciting current. The 
Curvacore transformer has better thermal performance, too! 
Increased cooling area within the windings reduces the 
copper-to-oil temperature gradient, improves regulation and 
adds years to service life, Weight is reduced, making the 
Curvacore transformer compact, easy to handle and to install, 


Curvacore is an Allis-Chalmers trademark. 


ALLIS-CHALMERS 


Former Advantages Retained 


In addition to Curvacore transformer design you $s 
Spra-Bonderized tanks with 3-coat baked-on finish of 
resinous paint; simplified high voltage angle bushin; 
handy chuck type connectors; sturdy tank constructiot 
quality craftsmanship throughout. 

For more information about the Curvacore trans: 


contact your local Allis-Chalmers district office 0: 
Allis-Chalmers, Milwaukee 1, Wisconsin, 


Typical core and coil assembl 
above. Present ratings of C 
transformers are 25 kva anc 
Others will be available shortly 
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New double-loop directional element 
ELIMINATES VIBRATION... 


The Type HZM, and Type HZ, 
high-speed impedance relays 
are now available with the new 
double-loop directional element. 


Westinghouse High-Speed Impedance Relays now offer you extra 
operating benefits. A new directional element, featuring double-loop 
design, eliminates troublesome 120-cycle vibration. 


The torque produced in each loop is a double frequency sine wave. 
However, as these waves are 180 degrees out of phase and offset in the 
same direction, the net torque in both loops is a constant value— 
eliminating vibration. The result is an efficient, high-speed directional 
element, providing low burden, good sensitivity in a sturdy rugged 
enclosure . . . a sharper intelligence for vital relaying applications. 

For complete information write for Silent Sentinel Bulletin No. 


B-4794, Address: Westinghouse Electric Gorporgiions P. O. Box 868, 
Pittsburgh 30, Pennsylvania. J-40402 
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HIGHLIGHTS........ 


Reminder: If you have not returned your 
Technical Division Publications question- 
naire yet, please do so as soon as possible. 
See story on page 550 of “Institute Activi- 
ties” for further details. 


Multiple-Unit Car Equipment. An article 
describing a new a-c multiple-unit car 
equipment recently placed in service on 
the electrified lines of the Pennsylvania 
Railroad discusses the fundamental reasons 
for its selection and reviews developments 
now in progress which offer the prospect 
_ of further economies (pages 471-75). 


Chalk River N.R.X. Nuclear Reactor. 
The functioning of this Canadian experi- 
mental nuclear reactor is illustrated in 
this article by a schematic analogue. 
Neutrons from the reactor have been used 
for a study of their radioactive decay and a 
re-evaluation of their mass; also the 
energies and intensities of gamma rays 
emitted on neutron capture have been 
measured (pages 476-78). 


Radio-Influence Tests. Measurements 
have been made of the radio-influence 
causes by very-high-voltage transmission 
lines. These tests, conducted at the 500-kv 
test project of the American Gas and 
Electric Company, were conducted to aid 
in the designing of new high-voltage sys- 
tems (pages 487-86). 


Structure and Properties of Ferrites. 
This article, by Dr. F. G. Brockman of 
Philips Laboratories, Inc., begins with a 
review of the crystal structure of ferrites, 
then goes on to discuss the recent advances 
in the theery of ferromagnetic ferrites. 
Néel methods are followed in the discussion 
of the Néel theory (pages 489-94). 


Frequency Compensation of A-C Instru- 
ments. A general solution for one type 
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of voltmeter compensation for a frequency 
variation is presented this month. Be- 
cause the meters have an _ inherent 
inductance they will read low as frequency 
1s Increased; by rigorous analysis of the 
meter network a compensating capacitance 
may be added which will increase the 
possible use of the meter (pages 494-97). 


Application of Microwave Channels. 
Many power companies and other indus- 
tries are establishing microwave systems 
in their communication networks. A 
discussion of the practical problems in- 
volved in the design of such a system is 
presented by R. C. Cheek of the Westing- 
house Electric Corporation (pages 500-03). 


Mathematics in Electrical Graduate 
Education. It is the responsibility of 
college faculties to see that the needs, 
general and common, of their students 
receive careful consideration. Mathe- 
matics courses which fulfill some of these 
needs should be taught by those trained in 
the field of applications (page 507-10). 


Economics of Power Transformer Ap- 
plication. The economic factors which 
must be considered in the installation of a 
new power transformer are covered this 


month. They include comparison of 
single-phase and 3-phase transformers, 
transformer insulation level, types of 


cooling, and selection of method of cooling 
(pages 512-16). 


Germanium Trigger Photocells. A 
versatile newcomer to the growing list 
of photoelectric transducers is the ger- 
manium photocell. In addition to its 
operating itself as a relay, it will operate 
an electromechanical relay and so actuate 
large-scale systems such as alarms or 
motors (pages 578-20). 


Lightning-Arrester Characteristics and 
Location. A study has been made of the 
change in station apparatus protection 
which occurs with a change in lightning- 
arrester characteristics or location. To 
make the test 97-kv valve lightning ar- 
resters and various capacitors were con- 
nected to one end of a test line and an 
impulse generator was discharged into the 
other (pages 524-28). 


Large Electronic Power Source. A 
power source has been developed for use 
with d-c contact testing equipment. Using 
electronic tubes, this source eliminates the 
need for large rotating equipment and 
provides up to 10,000 amperes at 250 
volts (pages 530-32). 


Instant Starting of Fluorescent Lamps. 
The trend toward instant starting of 
fluorescent lamps has been a challenge to 
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- AIEE Proceedings 


Order forms for current AIEE Proceedings 
have been published in Electrical Engineering 
as listed below. Each section of AIEE 
Proceedings contains the full, formal text of 
a technical program paper, including dis- 
cussion, if any, as it will appear in the 
annual volume of AIEE Transactions. 

AIEE Proceedings are an interim member- 
ship service, issued in accordance with the 
revised publication policy that became 
effective January 1947 (EE, Dec °46, pp 
567-8; Jan ’47, pp 82-3). They are avail- 
able to AIEE Student members, Asso- 
ciates, Members, and Fellows only. 

All technical papers issued as AIEE Pro- 
ceedings will appear in Electrical Engineering 
in abbreviated form. 


Location of 


Order Forms Meetings Covered 
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North Eastern District 

Great Lakes District 

Summer and Pacific 
General 


Middle Eastern District 
Fall General 


Mar 51, p35A Winter General 


Jul °50, p 30A 


Nov °50, p 44A 1 


designing engineers in the circuit, ballast, 
and lamp activities. Results to date show 
considerable progress in reduction of 
ballast size, weight, and cost while over-all 
efficiency has increased. Possibilities for 
further improvement of the lamp and aux- 
iliary combinations are discussed to indi- 
cate probable future trends (pages 533-38). 


The Canadian Approvals Laboratories. 
This Canadian counterpart of the Under- 
writers’ Laboratories was first authorized 
in the Province of Ontario and now has 
interprovincial acceptance. This should 
interest United States engineers respon- 
sible for the design and manufacture of ap- 
paratus for sale in Canada (pages 538-40). 


In ‘‘A Study of Nuclear and Electronic 
Magnetic Resonance” by K. K. Darrow, 
Electrical Engineering, May, pages 401-04, 
credit for the illustrations should have been 
given to E. M. Purcell, Harvard Univer- 
sity, for Figure 1, and to R. M. Bozorth, 
Bell Telephone Laboratories, for Figure 2. 


Membership in the American 
Institute of Electrical Engineers, 
including a subscription to this 
publication, is open to most elec- 
trical engineers. Complete in- 


formation as to the membership 
grades, qualifications, and fees 
may be obtained from Mr. H. H. 
Henline, Secretary, 33 West 39th 
Street, New York 18, N. Y. 
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Combining extreme sensitivity with high accuracy and a 6.1 

inch scale, Weston Model 622 instruments are ideally suited 
precise measurements of potential and current at the very low 
energy levels encountered in nuclear physics, electronics | 
and electro-chemical research or in general test work. Hand 
calibrated, double pivoted, electrostatically and magneticall 
shielded. : 


> 


These instruments are available as d-c voltmeters, millivolt- : 
meters, milliammeters and microammeters; electrolysis volt- : 
millivoltmeters and high resistance voltmeters. They are alk 
made as thermocouple ammeters, milliammeters, and voltme 
and as a-c rectifier type instruments. For technical data coms| 
your Weston Representative, or write Weston Electrical 
Instrument Corporation, 590 Frelinghuysen Avenue, Newai 
5, New Jersey ... manufacturers of Weston and TAGliabuei 
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H. G. JUNGK 
MEMBER AIEE 


1 UBURBAN commuter traffic has been a problem to 
the railroads of the country for a long time. The 
_ nature of the traffic creates a heavy volume for a 
imited period during morning and evening rush hours. 
For the rest of the day a large portion of the equipment is 
dle. As a result, the fixed charges are a relatively high 
percentage of the total cost of providing this service to the 
sommuter. 

It has long been recognized that the electric multiple- 
gnit car is an ideal means for handling suburban traffic. 
[t has advantages in operating flexibility, in relatively high 
ates of acceleration as compared to locomotive-hauled 
fains, and in practically uniform accelerating rates 
egardless of the length of train provided a constant ratio 
#f motor cars to trail cars is maintained. 

- However, electrification is expensive, and it is important 
hat further progress be made 
nm reducing costs not only 
f additional extension of elec- 
rification is to be considered 
jut also to obtain a reasonable 
‘turn from this service on 
hose now in operation. 

" For these reasons, three im- 
ortant objectives to besought 
n new multiple-unit cars are 
OW initial cost, simplicity, 
id low maintenance ex- 
yense. Low initial cost is im- 
ortant to reduce ‘the fixed 
harge content of the total 
ost of operation. Simplicity of construction and circuits is 
lecessary to assist in achieving low maintenance without 
vhich no operation can be economical. 

‘There recently have been placed in service on the 
ennsylvania Railroad new a-c multiple-unit cars, the 
quipment for which was developed to meet these important 
bjectives. This equipment includes two Westinghouse 
ype-437-A resistance-lead motors, connected permanently 
A parallel, and electropneumatic control arranged to 
rovide automatic acceleration at one mile per hour per 
scond for operation, without trailers, in multiple with 
Xisting cars. Dynamic braking is not included. It was 


EE ee ee ee 
omposite digest by W. M. Hutchison of three papers: 51-36, “A New Multiple- 
Init Car Motor for the Pennsylvania Railroad,” by ee G. Jungk; 51-104, 
Selection of Equipment for Multiple-Unit Cars,” by W. M. Hutchison e and 51- 
05, “New A-C Multiple Unit Car Control for the Pennsylvania Railroad,” by S. E. 
ewhouse, recommended by the AIEE Committee on Land Transportation and 
oved by the AIEE Technical Program Committee for presentation at the 
Winter General Meeting, New York, N. Y., January 22-26, 1951. All are 
heduled for publication in AIEE Transactions, volume 70, 1951. 


. G, Jungk, W. M. Hutchison, and S. E. Newhouse are with Westinghouse Electric 
D ation, East Pittsburgh, Pa. 
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This description of the latest a-c multiple-unit 
car equipment to go into service on the Pennsyl- 
vania Railroad reviews the features which have 
been incorporated to provide motors and con- 
trol at a reasonable cost, with adequate margin 
for the service, and which are expected to result 
in major economies in operation over the years. 
The possibility of reducing costs of multiple-unit 
cars by the use of Ignitron-rectifier motive 
power to effect standardization of traction also is 
discussed in this article. 
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Multiple-Unit Car Equipment for A-C 
Electrified Railways 


Ss & NEWHOUSE 


designed after a careful analysis*of several types, each with 
individual merit, which might be used for multiple-unit 
cars. Several of the major alternates considered include 
the number of motors per car, trailer or all motor car 
operation, and the use of dynamic braking. 


NUMBER OF MOTORS PER CAR 


ITH A 4-motor equipment, the total car weight is 
distributed over four driving axles, permitting 
application of relatively high tractive force without slipping 
the wheels. This makes possible higher accelerating rates 
than can be used effectively on 2-motor equipments. 
While this feature is desirable to maintain schedules for 
the short runs typical of local subway service, high acceler- 
ating rates for the longer runs common in commuter 
service result in little improvement in schedule speeds with 
a relatively large increase 
in power consumption. The 
particularly attractive feature 
of a 4-motor equipment is 
its adaptability to cushioned 
mounting of the motors on 
the truck. By subdividing 
the required motor capacity 
into four units instead of two, 
there usually is adequate 
space in the car trucks suffi- 
cient for the motors and the 
drive elements required for 
truck mounting. This is 
“more difficult where two 
larger motors are used per car. The advantages are re- 
duction of road shocks transmitted to the motors, better 
alignment and lubrication of gears and pinions, and 
an improved ride for the passengers. 
However, there are disadvantages. Fundamentally, 
four small motors can be expected to cost more than two 
larger motors if they are designed for the same service 
and with the same margin in capacity. The four gear- 
drive units, together with the flexible couplings, can be 
expected to cost more than the two sets of gears and 
pinions for two axle-hung motors. The closer tolerances 
which must be maintained with the gear unit and coupling 
require a higher grade of maintenance, or without it, more 
frequent attention. Car wiring is more expensive with both 
trucks motorized instead of only one. Maintenance of 
four smaller motors instead of two larger ones is normally 
more. The motors and their principal parts, in either 
case, are too large to be handled without crane facilities. 
There are twice as many armatures, stators, commutators, 
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Figure 1. Type 431-A motor—view from pinion end 


brushholders, and many detailed parts. A careful con- 
sideration of these features led to the selection of a 2-motor 
equipment. 


TRAILER OPERATION 


Ww" ELECTRIC multiple-unit cars, three methods of 
operation’ are possible—all motor cars, semiper- 
manently connected 2-car units consisting of one motor 
car and one trailer, and motor car and trailer operation 
in varying make-up of trains limited to a minimum fixed 
ratio of motor cars and trailers. Each has its advantages, 
and all are in use successfully. 

The most economical method of operation is the largest 
possible use of trailers during the rush hours to reduce the 
investment for equipment which has a poor load factor, 
and the use of all motor cars during the nonrush hours to 
provide the fastest service to attract new patrons. How- 
ever, motor-car-and-trailer operation gives the least amount 
of flexibility. All-motor-car operation requires a mini- 
mum of terminal switching and affords the greatest protec- 
tion of equipment and schedules in case of failure of one car 
in a train. ‘ 

Most postwar purchases have specified all motor cars. 
The relative economies of low fixed charges obtainable 
with trailer operation have been weighed against the high 
operating flexibility of all motor cars. This has led to the 
conclusion that the additional investment for all-motor-car 
operation is justified by the reduction in terminal facilities 
and costs. 


DYNAMIC BRAKING 


| D pas BRAKING has been widely used in city, rapid 
transit, and locomotive service, but no applications 
have been made in the United States in multiple-unit com- 
muter service. There is no fundamental reason why it 
should not be used. It is again simply a question of 
whether the results obtained from its use justify the addi- 
tional cost and complication. 

The benefits to be expected are reduction in brake shoe 
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dust, lower wheel temperatures, and savings in brak 
shoes—the latter variously estimated at $50 to $250 per cz 
per year. 

However, its use requires special provision in the desig 
of the motor of sufficient capacity to obtain full sery; 
braking from high speeds. It also involves additional cor 
trol equipment. The additional costs and complicati 
have so far militated against its use on suburban cars. — 


RESISTANCE-LEAD MOTORS 


HY’ determined that a 2-motor equipment withor 
dynamic braking and with all cars motorized 
well adapted to meet the fundamental requirement 
simplicity and low maintenance, attention was directec 
the motor design. .A careful study was made based on 
experience of more than 40 years with various types of a- 
multiple-unit car motors. The combination selected 
ploys series fields and interpoles in the stator, no comper 
sating windings, and resistance leads in the armature 1 
secure simplicity in both motor and control. . 

A resistance-lead motor has many desirable feat 
Because resistance leads carry current only when tk 
corresponding commutator bars are under a brush, whic 
occurs in any one lead only about ten per cent of the tim: 
the resistance of each lead can be made high enough 1 
limit substantially circulating current in the brush face an 
armature circuit at standstill and at low speeds. This r 
lieves local heating on the commutator surface and in tk 
brushes. 

Circulating currents in the brush face are the result 1 
voltage induced in the armature coils by the alternatim 
flux per pole. Because the circulating currents can be hel 
to safe values by the resistance leads, it was possible on th 
motor to increase the exciting flux per pole at start and lo 
speeds to almost twice that permissible on a motor with © 
resistance leads. ; 

Increasing the flux per pole increases the line voltage an 
lowers the line current and number of poles according 
The required starting tractive force is obtained with on 
eight poles at 1,050 amperes, as compared to 12 poles ar 
1,800 amperes necessary in an equivalent convention 
motor. on 

The low number of poles and comparatively low curreé: 


Figure 2. A ty 
431-A motor—coi 
mutator-end hot 
ing complete wi 
brushholder su 
ports and bru: 

holders 
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igure 3. Wound stator of a type 431-A motor from pinion end 


esult in fewer brushes, brushholders, and exciting and 
iterpole field coils. 
In addition to the inherent advantages of a resistance 
sad design, various other improvements have been in- 
orporated, some of which are shown in the figures. Figure 
is a view of the type-437-A assembled motor from the 
inion end showing the pinion, axle bearings, motor lead 
ables, and junction box. It is arranged for forced ventila- 
ion and has a continuous rating of 225 horsepower at 328 
olts. Each motor weighs 5,405 pounds complete with 
imion, gear case, axle bearing, and axle caps, which is 
,220 pounds or approximately 20 per cent lighter than the 
aotors previously used for the same service. The motors 
re geared to give the same accelerating tractive force per 
ar as the older motors but will operate at a sustained run- 
ing speed of 90 miles per hour as compared to 70 miles per 
our with existing equipment. 
“Many of the insulation failures on commutator motors 
re developed by introducing ventilating air at the com- 
autator end. On the 437-A motor, ventilating air is intro- 
laced at the rear or pinion end, so that carbon dust from 
rush wear is blown out of the motor instead of into the 
findings. This materially reduces the possibility of 
ecumulation of dirt on exposed creepage surfaces. It also 
as the advantage that if the commutator covers do not fit 
ightly or if they fall open or drop off, ventilation will not be 
ffected. 
Figure 2 illustrates the commutator end housing. Com- 
qutator motors usually have brushholders mounted in the 
fame, and any repairs, replacements, or neutral adjust- 
aents tie up a complete motor. Here the commutator- 
nd housing, complete with brushholders, forms an assem- 
ly which is located on neutral by means of the half-hole 
1 the flange. This half-hole fits around a dowel pin set on 
eutral and welded in place on the frame flange. The 
ntire assembly may be removed for replacement and bench 
pair. 
‘To improve the insulation of stator coils and to reduce 
il-lead breakage, the exciting field coils are formed, pre- 
asulated, and baked before winding into open slots. The 
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coils are connected, all in series, to carry full line current, 
and thus the conductors are of substantial cross section and 
strength. The interpole coils, like those on d-c motors, are 
completely wound, insulated, and baked before winding 
over the interpole. This makes the construction simple 
and rugged. 

Wiring and connections of the exciting field coils are 
made at the rear or pinion end of the stator as in Figure 3. 
Completely preinsulated and baked, these coils are wound 
under the main pole tips by a new and novel method of first 
expanding the coils to pass over the pole tips and then 
stretching again to bring the coil sides in place against the 
main pole body. ‘The interpoles have no tips and the sides 
are parallel. Hence, after the exciting field coils are in 
place, the interpole coils, preinsulated and baked, are 
dropped down over the poles in the usual manner. 

Armature coil ends are connected to resistance leads at 
the rear end of the armature. The ventilating air, entering 
at the rear, blows down over these connectors and then 
under the coil support into axial holes through the armature 
punchings and out again at the front end between coils just 
ahead of the punchings. At the commutator end of the 
armature, Figure 4, the resistance leads pass from the bot- 
tom of the armature slots to the risers of the commutator 
bars, thus connecting the armature coil ends at the rear to 
the commutator bars at the front end of the armature. 
The outside cylindrical surface of the risers is insulated with 
glass and mica and serves as a supporting surface, upon 
which the armature coil ends are banded down in place. 
This allows the armature coils to expand and contract inde- 
pendent of the commutator risers. ‘The commutator is of 
the disk spring-ring type designed for high-speed operation. 


CONTROL EQUIPMENT 


HE CONTROL equipment was designed with the same 
objectives of simplicity, reliability, and reduced main- 
tenance. 


This has been accomplished without the intro- 


Figure 4. View of armature of a type 431-A motor from com- 
mutator end 


duction of radically new devices or systems. The sim- 
plicity of the main circuit is apparent from the schematic 
diagram, Figure 5. 

The two traction motors are connected in parallel to 
minimize the amount of wheel slippage. With wet rail, it 
has been demonstrated on these cars that when one pair of 
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wheels slips, the slippage is for only a small fraction of a 
revolution. On older multiple-unit cars, the two motors 
are connected in series. When one pair of wheels starts to 
slip, the voltage across the motor driving them increases, 
and the wheel slippage becomes progressively worse until 
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Figure 5. Main circuit schematic diagram of the MP54E5 
multiple-unit car 


FUNNING 


power is finally removed by the slip relay. No slip relays 
are required on MP54E5 cars. 

These new cars possess another advantage. ‘The failure 
of one motor on an old car necessitates cutting both motors 
out of circuit because they are connected in series. On the 
new cars, the motor in trouble is disconnected by opening 
switch M7 or M2. Only half of the tractive power is lost. 
This means less overload for the remaining cars in the train. 

A feature of these cars is that separate blowers are pro- 
vided for ventilating each of the traction motors and the 
main transformer. The two traction-motor blowers are 
provided with cleaning devices to remove dirt and snow by 
centrifugal action, thus reducing failures from these sources. 
If the traction-motor ventilating-air pressure is too low, a 
diaphragm-type air relay opens the traction-motor switches. 

The primary of the Askarel-filled transformer is con- 
nected to the pantograph by a high-tension cable. A 
lightning arrester, located on the roof, is connected to the 
pantograph. The six low-voltage secondary taps are 
located at one end of the transformer. They are protected 
from dirt and water by a metal hous- 
ing. The six insulated copper straps 
connected to the taps are brought 
out of this housing through a block 
of insulation. Short flexible cables 
connect them to the main control 
box terminals which are located at 
one corner of the control box. 

In addition to five tap switches, 
the main control box also contains 
two motor switches and one preven- 
tive coil switch. All eight of these 
electropneumatic switches are iden- 
tical except for the interlocks. The 
interlocks are of the modern cam 
type. A Micarta cam attached to 
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the movable portion of the’ switch bears against a 
contact finger which opens or closes the interlock cont 
Figure 6 shows the main control box as viewed from 
side of the car with covers removed. The 2-motor 
verser, mounted at the right end of the control box, is 1 
drum type. The straps emerging from the box above tl 
reverser are connected to traction motor cables on the ez 
Directly below these straps is the shield for the six veo 
that connect to the transformer. At the opposite end of t 
box is a compartment containing the sequence switch, t 
limit relay, the sequence relay panel, and the me 
detector relay panel. These devices are mounted in st 
way that they are inspected and maintained easily. 

The sequence switch is a positive-notching electropne 
matic device that opens and closes the five tap switches an 
the preventive coil switch in the desired order. The lin 
relay is a statically balanced quick-acting device. It is s 
to give the desired accelerating current. ‘The setting is 
affected by vibration or road shock. 

Particular care has been taken to improve the protecti 
equipment. A ground-detector relay GR is connected 
ground through the “OUT” contacts of relay G, as shoy 
in Figure 5. If a ground occurs in any of the seconda 
circuits, GR operates. This closes G, which breaks i 
ground connection to GR. ‘The intentional ground is th 
removed and GR opens. G holds itself closed and ligt 
ground-indicating lamps. t 

There is a thermostat in the transformer which actua 
an auxiliary relay, when the Askarel reaches too high 
temperature. This relay opens the motor switches. Ad 
tional protection is provided by the pantograph-loweri 
relay PL and a thermal relay. If an overload of lar 
magnitude occurs, the PL relay operates. This closes t 
pantograph ground switch. The resulting high troll 
current trips the substation circuit breaker and clears t 
line. When power is removed, the PL relay goes tot 
position that lowers the pantograph on the car that is 
trouble. The PL relay latches itself in this position. T 
operator cannot raise the pantograph. An overload bel 


‘the PL relay setting, but high enough to damage the 7 


transformer if it persists too long, causes the thermal relay 
operate. This closes the pantograph ground switch. 17 
ground-switch current passes through the current tra 
former. Being a very-high-speed device, the PL re 


Figure 6, Front view of MP54E5 multiple-unit car main control box | 
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yperates before the substation circuit breaker clears the line. 
When power is removed, the pantograph is lowered by the 
PL relay. If a short circuit occurs across certain low- 
yoltage sections, the resulting primary current will not be 
ligh enough to operate the thermal relay. This is the rea- 
on for overload relays OL3, OL4, and OL5. The closing of 
gne of these relays operates the pantograph ground switch. 
The same sequence follows as described for the thermal 
relay. 

The reliability of the 9-notch control scheme utilizing 
ansformer tap switches has been demonstrated on the older 
slass MP54E3 cars. To this, the MP54E5 cars add the 
great advantage of parallel motors and numerous protective 
features. 


RECTIFIER-TYPE MOTIVE POWER 


h- INDUSTRY continues to search for reduction in cost 
and increase in reliability. One of the most effective 
ways to reduce the first cost of multiple-unit car equipments 
is to employ standardization of systems and apparatus to a 
much greater degree than has been done in the past. 
There is a wide variation in equipment which has been 
selected for multiple-unit cars by various companies, both as 
to power-supply systems and also in the details of the trac- 
tion apparatus. The effect of standardization in keeping 
costs low is well illustrated in the Diesel-electric locomotive 
field. In the period from 1939 to 1948, the price per pound 
of a 2,000-horsepower Diesel-electric road locomotive in- 
creased an average of only approximately 20 per cent as 
compared to an increase during the same period of approx- 
imately 150 per cent for a 4-8-4-type steam road locomotive. 
This relatively low increase for the Diesel-electric locomo- 
tive in a period of rising labor and material costs may be 
largely attributed to mass production of standardized units. 
Suburban electrification in this country may be divided 
into three general systems as related to the power supply— 
11,000 volts, 25 cycles, alternating current; 600 volts, 
direct current; and 1,500 volts to 3,000 volts, direct current. 
Each system has certain advantages. The high voltage 
of the a-c system makes it possible to supply economically 
large amounts of power over long distances. 
_ The low-voltage d-c system includes the advantage of the 
d-c traction motor in higher efficiency, better starting 
tractive effort characteristics, and relatively low mainte- 
nance. 
_ The high-voltage d-c system approaches the advantages 
of the a-c system in reducing transmission losses while re- 
taining some of the advantages of the d-c traction motor. 
"It has been necessary until very recently to weigh the 
relative advantages of these systems and to select that which 
appeared to be the best compromise for the particular 
application, relinquishing the advantages of the others. 
Today, however, the excellent results which have been ob- 
tained with Ignitron rectifier-type motive power as applied 
for trial in 1949 to a Pennsylvania Railroad multiple-unit 
ear give promise of a new system which embodies the ad- 
vantages. of high-voltage a-c transmission with the superior 
aracteristics of low-voltage d-c motors. 
‘The relative number of motor cars and trail cars in 
ice on electrified main lines in each of the three power 
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Figure 7. Distribution of multiple-unit cars in main line service 
in the United States 


supply classes is indicated graphically in chart A of Figure 7. 
Of the total number of cars 63 per cent are operated at 600 
volts d-c, 22 per cent at 11,000 volts a-c, and 15 per cent at 
1,500 to 3,000 volts d-c. 

The wide use of low-voltage d-c motors and control is one 
of the factors which stimulated the development of Ignitron 
rectifier equipment for a-c electrifications. The basic re- 
quirement for this type of service using modern cars of 60 
to 70 tons is approximately 400 horsepower per car. In 
this range, 600-volt d-c equipments, using either two or four 
motors, have been produced in considerable quantities. 
The essential elements of a rectifier-type a-c multiple-unit 
car equipment are a standard d-c package, including motors 
and control, and a conversion unit including transformer, 
Ignitron rectifier, and associated details. 

Reference to chart B, Figure 7, illustrates how applica- 
tion of 600-volt d-c motors and control to existing a-c sys- 
tems would increase the preponderance of low-voltage d-c 
equipment to 85 per cent of the total. 

Thus, rectifier motive power not only has advantages 
over a-c single-phase motive power of lower weight, less 
space, higher efficiency, and higher power factor, but also 
advances the cause of standardization of multiple-unit car 
equipment. This is in addition to the possibility it affords 
of using commercial 60-cycle power for new electrifications, 
thus further applying the principle of standardization to 
reduce costs. 

It is realized that this possibility for standardization de- 
pends upon proof of satisfactory long-range operation of 
rectifiers and associated equipment in motive power service. 
In January 1951, an a-c multiple-unit car equipped with 
Ignitron rectifiers and d-c motors had operated for a total of 
more than 35,000 revenue miles since the fall of 1949. 
During this period nothing occurred to raise any doubts as 
to its satisfactory life. Further evidence is accumulating 
as service continues. Other trial applications are in prog- 
ress. Two 6,000-horsepower rectifier locomotives will be 
delivered to the Pennsylvania Railroad in June 1951. 
Also, the French, who are interested in 20,000-volt elec- 
trification at 50 cycles, have arranged to install an Ignitron 
equipment on a multiple-unit car for trial. 
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Chalk River N.R.X. Nuclear Reactor 


D. G7 HURSS 


T THE Chalk River 
iN Laboratory, situated 
on the south bank of 
the Ottawa River about 125 
miles northwest of Ottawa, 
Canada, a heavy water and 
uranium reactor has been 
operating for more than 31/2 
years. The reactor building, 
shown in Figure 1, houses 
the reactor, see front cover, which consists largely of thick 
steel and concrete radiation shields, the concrete alone 
being eight feet thick. The reaction vessel is a cylinder 
about ten feet high by eight feet in diameter through 
which pass vertical tubes containing a total of 176 uranium 
rods. 

The basic reaction underlying the operation is the 
fission of uranium by slow neutrons. When a neutron 
causes a uranium atom to undergo fission, a relatively 
large amount of energy is released and, at the same time, 
several neutrons are given off. To maintain the reaction, 
on the average one of these neutrons must cause a further 
fission, and the physical problems of reactor design are 
concerned with finding the most efficient way to achieve 
this condition. One method is to slow down the neu- 
trons from their initial high speed and return them to the 
uranium as slow neutrons. ‘The best substance available 
for this purpose is heavy water. 

To start operation the heavy water is pumped from 
storage tanks into the reactor until a critical depth is 
exceeded. The power then builds up because over each 
neutron generation there is a slight increase in the number 
of neutrons. When the power reaches the required level, 
the depth of water is adjusted until the power stays constant. 
For ease in adjustment, a cadmium control rod is provided. 


Beside investigations 


Figure 1, The reactor building, Chalk River Laboratory 
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The N.R.X. Nuclear Reactor at Chalk River, 
Ontario, has been operating for 31/, years. 
on this 
reactor itself, research is being conducted with 
the radiations. This may be divided into 
technological research for atomic-energy pur- 
poses and pure research in physics and radio- 
active chemistry. 


Hurst—Chalk River N.R.X. Nuclear Reactor 


>| 


. | 
¥ i 
q 


The problems of normal op 
eration have proved to be les 
than was expected in the earl 
days of the project. Thi 
reactor runs very steadily| 
usually under the control ofay 
automatic pilot which by mov’ 
ing the control rod according 
to the current from a neu 
tron-sensitive ion-chambe; 
keeps the power within +1/2 per cent of the chosen level 
To illustrate the behaviour of the reactor as a functior 
of time, a schematic analogue is presented in Figure ‘ 
where the number of neutrons, 7, is represented by thi 
input voltage. The neutrons have a lifetime 7;, and on 
capture their number is multiplied by the factor k. # 
fraction p of the output nk is delayed by a time constan 
T2 because it comes from delayed neutron emitters, fo: 
simplicity represented here as being of a single group whos 
lifetime is 7». Actually a number of delayed neutro1 
groups occur but the general behaviour can be illustratec 
by using just one. S represents the background of neutron 
coming from all sources. ‘The critical condition occur 
when k = 1 and represents a very. delicate balance. Thi 
delayed neutrons make the control problem relativeh 
simple, for although / is only about 0.8 per cent and 7 
about ten seconds, they make the response time quite lon; 
for k close to unity. Since 7, is only about one milli 
second, the response of the reactor would be extremeh 
rapid without the holdup due to the fraction p of delayet 
neutrons. 
At high power there are other time-dependent effects 
Heating of the uranium and heavy water reduces & an 
helps to stabilize operation. Some of the fission product 
absorb neutrons so strongly that they affect the operatio: 
by reducing k. To maintain the operation more heav 
water must be added to counteract the so-called “poisoning 
by these fission products. The amount of the absorbin 
product depends on the operational history, and in th 
analogue this has its effect on the amplifier gain in a compl. 
cated but reproducible way. ! 
In terms of the Nyquist stability diagram for positiy 
feedback amplifiers, k=1 means that the pyB locus passe 
through the stability point. Greater k leads to instability 
less to stability. A simple analysis shows that for k> 
the number of neutrons increases exponentially with 
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The design, construction, and operation of the reactor has been the work of a numk 
of groups. The particular aspects discussed here owe much to the staff of the P; 


Branch of the Industrial Operations Subdivision and to their willi | 
conditions to suit the needs of experiment. Vein tte a 
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MINUS UNPRODUCTIVE 
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HEAVY WATER 
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THE INPUT n= NUMBER OF NEUTRONS IN REACTOR 
T= 10° SEC. 
Tp = 10 SEC. (REPRESENTATIVE OF A 
GROUP OF PERIODS) 


Figure 2. A schematic analogue of a reactor. The time constants 

are supposed to be buffered or otherwise kept from loading other 

circuit elements. For simplicity, the many delayed neutron 
_ groups are represented by a single time constant T, 


single time constant after transients due to S have become 
negligible, until at high power the heating of the uranium 
slows the rate of rise. A typical curve is shown in Figure 3. 
The initial transient arising from the effect of S has been 
corrected and the straight line corresponds to an exponen- 
tial rate of increase over a large range of power. Hundreds 
of such curves were recorded for the measurement of fk. 

These measurements have been made because this is 
an experimental reactor. ‘The word ‘experimental’ applies 
in more ways than one. The power of the reactor is in a 
very useful range. It is low enough so that an interruption 
of normal operation for experimental work does not cause 
the loss of an important amount of plutonium production. 
On the other hand, it is large enough to provide information 
on reactor technology under conditions unmatched any- 
where for neutron flux. It is the compactness made 
possible by heavy water that gives the high flux combined 
With moderate over-all power. The design power was 
10,000 kw, but this is exceeded in normal operation. 
The maximum flux is 6 X 1018 neutrons per second per 
Square centimeter, which is about 12 times that in a 
graphite-moderated reactor of comparable power.. These 
features, combined with an exceptional ease of control 
through variation of the heavy water depth, make the 
reactor exceedingly useful for experiments; for example, 
measurements made by letting the reactor “run away” 
to top powers approaching 20,000 kw with very accurate 
measurement of power as a function of time. Such a 
transient is shown in Figure 4. 

Besides investigations on the reactor itself, it is a research 
reactor in the sense that research may be performed with 
the radiations. This may be divided into technological 
research for atomic-energy purposes, for instance, studying 
the effects of radiation on construction materials, and pure 
research in physics and radioactive chemistry. N.R.X. 
is also a production reactor in a restricted sense. First of 
all it produces plutonium in an amount determined by the 
power output and accordingly not in spectacular quan- 
tities. ‘The most interesting of the products are the various 
radioactive isotopes which are prepared by neutron irradia- 
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tion of materials, and here again the high flux makes 
possible commercial production of active material in 
unequalled concentrations. For example, cobalt 60, a 
radioactive isotope produced by neutron capture in 
ordinary cobalt, emits penetrating gamma rays and is 
consequently a substitute for radium in therapy and 
radiography. It is essential that the cobalt source be small 
in size to give well-defined beams and to minimize self- 
absorption; in other words the concentration of cobalt 
60 must be as high as possible. The maximum concen- 
tration of an activity produced by neutron capture is 
proportional to the neutron flux, and for this reason 
N.R.X. is a pre-eminent producer of cobalt 60. 

The production and decay of such radioactivities is 
analogous to the charging of a parallel resistance-capaci- 
tance circuit by a current proportional to the neutron flux 
and the discharging by the loss through the resistance. 
If the time constant of the circuit is equal to the mean 
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Figure 4. The growth of power until limited by thermal effects 
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radioactive lifetime, then the charge on the capacitor is 
proportional to the amount of active material present at 
any time. It will be seen why the larger the current (that 
is, flux), the greater the activity. It will be seen also that 
maximum activity is approached only after “charging”’ 
steadily for several time constants. In practice, cobalt 
irradiations of about six months’ duration in N.R.X. yield 
satisfactory activities, although far less than the maximum 
obtainable. Sources equivalent to 1,000 grams of radium 
in gamma-ray intensity are prepared. 

The arrangements for neutron irradiation are varied. 
Substances like cobalt, which require high flux, are irra- 
diated inside the reacting core, and for isotopes of short 
life a pneumatic tube provides quick withdrawal of the 
material. Many isotopes can be produced in sufficient 
quantities by the neutrons which escape from the core. 
Figure 5 shows the mechanism for inserting such samples. 
At the other side of the reactor, Figure 6, research appa- 
ratus is arranged outside the shield for experiments with 
beams of neutrons released from the interior of the reactor. 
From the points of view of both the experimenter and the 
project, it is worth while to invest time and money in 
automatic control and recording devices so that the experi- 
ments continue day and night without interruption, 
except when the reactor is shut down. 

As an example, the functioning of a neutron spectrom- 
eter (center foreground of Figure 6) is described in some 
detail. In this instrument neutrons of a single energy are 


Figure 5. Mechanisms for inserting small samples for activation 
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Figure 6. The experimental face of the reactor 


selected from the neutron beam by diffraction at a crys’ 
of rocksalt in a manner very similar to the diffraction’ 
X rays. The scattering of these neutrons by the substan 
under investigation is measured as a function of the scatte 
ing angle. The neutron detector is a boron-trifluori: 
proportional counter in which the signal due to a neutr 
is a pulse of about ten millivolts’ magnitude and a fe 
microseconds’ duration. The pulses are amplified ai 
fed to a decade scaler which records every ten, hundre 
and thousand pulses on separate channels of a 10-p) 
strip-chart chronograph. The detector is carried on ; 
arm pivoted about the specimen and driven at a consta’ 
angular rate, going to and fro between limit switch 
which can be adjusted to include any range of angle 
The direction of the arm’s motion is marked on the cha: 
and to check the details of the motion a phonograph pick 
records on the chart the passage of each division of a gra 
uated circle. A monitor counter records on the same che 
the intensity of the incident beam. When the reactor 
shut down or is not on automatic control, the spectromet 
does not operate and counts do not accumulate in t 
scalers; the instrument: halts until automatic: control 
re-established, and this also is. recorded'-on ‘the chart. 

An alternative drive ‘is preferred for’ some types 
scattering. “The arm has predetermined angular ‘positio 
and moves from one to the next after a set number 
neutrons has been counted. In this case the time spe 
at each position is recorded. et ' 

It will be appreciated that reliability of electronic equi 
ment is of prime importance in apparatus of this kind. _ 
Chalk River considerable effort has been ‘put into t 
design of reliable scalers and amplifiers. Maintenan 
records show that the instruments of recent design have 
failure rate, for all types of failures, of one per year I 
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eight tubes in the system. 

Many physics experiments have been performed, usi 
neutrons from the reactor. Among them are a study’ 
the radioactive decay of the neutron, a re-evaluation of t 
neutron mass, and the measurement of the energies a 


intensities of gamma rays emitted on neutron capture. 
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Equivalent Circuits of Shaded Pole Motors 
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A’ A RESULT of study and experimental work, a 
present-day shaded pole motor with good accelerat- 
ing characteristics and 35- to 40-per cent efficiency is not 
ancommon. With improved efficiency, the horsepower 
ratings of these motors are also extended from the sub- 
actional to the fractional range. Experimental results 
leading to this improvement can be co-ordinated and 
integrated into infallible rules for designing shaded pole 
otors with the aid of the equivalent circuit. 

Theoretically, the essential difference between an 
ordinary induction motor and a shaded pole motor lies in 
the latter’s abundance of space harmonics, due to concen- 
trated windings. Though the air gap harmonic flux in 
other salient pole machinery can be reduced by properly 
shaping the pole face, such a measure cannot be used in 
shaded pole motors without impeding the cross field flux 
and increasing excessively the magnetizing current. Both 
theory and experience indicate that an adequate magnetic 
path must be provided in the stator all along the rotor 
surface. The magnetic path in between poles can either 
take the form of a magnetic bridge or an extended pole tip. 
_ The harmonic flux causes cusps in the speed torque curve, 
increases rotor loss, and reduces the useful torque of a 
shaded pole motor. Yet in much authentic work on 
machinery analysis the harmonic flux is regarded as 
nothing but another form of leakage reactance. What 
factors make it so harmless in ordinary motors but so 
armful in a shaded pole motor? 

Take as an example the third harmonic flux in a 4-pole 
motor. It has the same frequency as the line frequency 
but is distributed in 12 poles along the air gap. It reacts 
with the squirrel cage rotor in exactly the same manner as a 
stator with 12 poles. Its effect is the same as a 12-pole 
motor on the same shaft of the 4-pole motor. Since both 
the magnetomotive forces are proportional to the line 
current and both the flux systems induce a counter electro- 
motive force in the actual winding, the two fictitious motors 
have their primary windings in series. The flux in the 
12-pole motor revolves at 600 rpm. It lags behind the 
rotor and acts as a brake when the shaft speed is above 600 
rpm. The braking action reaches its maximum when the 
speed is slightly above 600 rpm and a cusp is introduced 
in the speed torque curve. 

Rotor skew is the most important measure to reduce 
the effects of space harmonics. With skew, the rotor and 
stator currents do not act on the same magnetic path. 
The mutual reactance is reduced, and both the stator and 
rotor leakage reactances are increased in equal amounts. 
| lee the total reactance from the mutual reactance 
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to leakage reactance, skewing reduces the induced currents 
in the rotor. Since the amount of skew is measured in 
electrical degrees, it effectively reduces the harmonic 
rotor currents with only a slight reduction in the funda- 
mental rotor current. In an induction motor with dis- 
tributed winding, there are only a few important harmonics 
which can be decoupled almost completely from the rotor 
circuit by a proper amount of skew. In a shaded pole 
motor, all orders of space harmonics exist and only partial 
reduction of the rotor harmonic currents can be obtained 
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from a single value of rotor skew. ‘The best compromise 
is at about 60 electrical degrees of the fundamental flux. 

Another important consideration in designing a shaded 
pole motor is the difference in phase angle between the 
line current and the shading coil current. The starting 
torque depends on this angle and the maximum torque, 
efficiency, and quietness in running increase as the angle 
is increased. By properly choosing the shading coil pitch, 
the harmonic and skew leakage reactances can be shifted 
from the unshaded pole to the shaded pole to increase the 
phase difference between the two currents. This criterion 
determines that proper range of shading coil pitch be 
from 46.5 to 60 electrical degrees. 

Besides the skew and shading coil pitch, recommenda- 
tions are made relating to other pertinent factors which 
include: size and position of the shading coil, magnetic 
bridge, number of rotor bars per pole, and the rotor con- 
ductor and end ring resistance. 

The performance of ‘a 4-pole 60-cycle 1/1-horsepower 
shaded pole motor is calculated according to the equivalent 
circuit. A comparison between the calculated and test 
values is given in Figure 1. 
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A New 69-Kv Air Blast Circuit Breaker 


R. B. SHORES 


MEMBER AIEE 


IR BLAST circuit breakers were selected recently 
for a metropolitan station requiring circuit breakers 
rated 69 kv, 2,000 amperes and capable of interrupting 
3,500 megavolt amperes within five cycles. This installa- 
tion forms part of an outdoor metal-enclosed switchgear 
equipment and a metal-enclosed circuit-breaker design 
was desired. 
Performance of an air blast interrupter depends on both 
voltage recovery rate and short-circuit current, but the 


VERTICAL 


INTERRUPTER METAL 


ENCLOSURE 


COLUMN CONTAINING 
ISOLATOR 


EXHAUST 


MECHANISM 


AIR RECEIVER 


Figure 1. Sectional view of new 69-kv 2,000-ampere 3,500- 
megavolt-ampere air blast circuit breaker in outdoor, dust-tight 
A metal barrier 
is provided between the primary and mechanism compartments 


metal enclosure of phase-isolated construction. 


new circuit breaker has been designed to handle any 
recovery rate which may be encountered in this country 
to permit its application on a fault current basis only. 
From reports of recovery rates on several utility systems 
and an analysis of system connections conceived possible 
in metropolitan areas, 6,000 volts per microsecond was 
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Shores, Beatty—69-Kv Air Blast Circuit Breaker 


J. W. BEATTY 
ASSOCIATE AIEE 


determined as the maximum natural recovery rate whii 
would be encountered at 69-kv 3,500-megavolt-amp¢ 
duty. A double-interrupter style of circuit breaker w 
developed to provide one interrupter for inserting a 1 
sistor limiting recovery rate on the fault interruptit 
contacts; a second interrupter is used to break the resist 
current prior to opening of an isolator. 

Although metal-enclosed 69-kv circuit breakers may ' 
desirable at other locations, 69-kv circuit breakers have be: 
more commonly applied as porcelain-clad outdoor uni 
However, for outdoor service air blast circuit breake 
would have more reliable operation under icing conditio 
if the open-type isolating switches usually associated wi 
high-voltage air blast designs were changed to enclos 
isolators. Therefore, an isolator has been designed with 
the air column as a functional part of the resistor curre 
interrupter. 

The phase-isolated equipment at the first installation 
the new circuit breaker provides a complete metallic hov 
ing for each phase conductor with an air space betwex 
individual phase housings. Although the circuit-break 
enclosure is arranged to permit normal inspection ar 
maintenance is readily accomplished without removing a1 
enclosure covers, it would be advantageous to be able 
readily remove a circuit-breaker pole for interchange wi 
a spare element or for maintenance at a more convenie 
point. The new circuit-breaker design therefore consis 
of three single-pole, roll-out type units with each pole in < 
individual dust-tight metal enclosure (see Figure 1). _ 

An outdoor installation of the new circuit breaker witho 
a metal enclosure will consist of the addition of porcela 
around the vertical and horizontal insulating tubes, plus 
metal housing for the mechanism only. 

Selection of air blast circuit breakers frequently has bes 
based on the elimination of the hazard of oil fires, but # 
elimination of oil can result in an interrupter design whi 
permits simpler and faster inspection. This inherent a 
vantage of air blast circuit breakers has been extended 
the new design by hinging the interrupter units to pern 
their being readily swung open for contact inspectia 
Inspection of wiping contacts on the isolator is performed 
simple unbolting of a retainer housing. ) 

The new features of this 69-kv air blast circuit break 
insure ease of inspection and maintenance and decreg 
outage time. Furthermore, test performance has indicat 
that the design can be extended to 5,000 megavolt ampel 
when such an increase is required. The enclosed isolat 
is a feature which should result in ready acceptance of t 
circuit breaker as an outdoor porcelain-clad unit. 
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Radio Influence Tests in Field and 


Laboratory—500-Ky Test Project 
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EASUREMENTS of radio influence, designated 
as R. I. in this article, have been made near the 


high-voltage-line conductors at the 500-kv test 


roject of the American Gas and Electric. Com- 
any*~’ 11,12 to obtain data for use in the design of high- 
oltage lines. The test site includes one 3-phase line 800 
eet long and two 3-phase lines 1.36 miles long, all on steel 
owers with ground wires on 
he two longer lines. To 
upplement this work tests 
vere also made at Trafford 
saboratory of the Westing- 
jouse Electric Corporation 
nd on operating 138- and 
'30-kv lines. It is believed that the data obtained as 
yell as the instrumentation and test methods used will be 
seful in predicting radio-influence characteristics of lines. 
_ As test work progressed, it was necessary to change plans 
md procedures because the radio influence was affected 
¥y many unforeseen weather as well as circuit variables. 
iven progress during the last three years on instruments for 
measuring radio noise required repetition of some tests 
md revision of others. 


INSTRUMENTATION AND MEASUREMENT 


500-kv test lines. 


i MEASUREMENT of radio noise with instruments con- 
4 structed according to radio noise meter specifications®® 
§ necessary throughout a test program which is intended 
0 give results applicable in the future. The latest speci- 
ications® for instruments require that meters read three 
haracteristics of the noise: average, quasipeak (weighted 
letector circuit), and the peak values after transmission 
hrough specified bandwidth circuits. 


DISCUSSION OF TEST RESULTS 


Effects of Weather. Rain will increase R. I. by several 
imes for conductors of the size used for power transmission. 
Pests were made in fair weather and in rain on the same day 
r on consecutive days. These tests showed R.-I. increases 
lue to rain from 4 to 25 times for quasipeak and peak values 
nd three to six times for average values. Visual data 
ind analysis of graphic records with results as shown in 
figure 3 gave average increase of quasipeak values of four 
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A study of radio influence has been made on 
The effects of weathering, 
precipitation, variations in voltage, frequency, 
and conductor diameter were all investigated. 
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times for Tidd conductors and an increase of four times for 
138-kv lines in service. R. I. does not decrease imme- 
diately as rain ceases, rather it has no perceptible change 
immediately but after a short time, depending on the 
voltage, begins to decrease gradually at a rate also depend- 
ing on the voltage. 

Fog may or may not produce a large increase in R.-I. 
value over the fair-weather 
value. An increase will be 
obtained if sufficient con- 
densation occurs to wet the 
conductor. Snow on _ the 
conductor increases R. I. but 
to a lesser extent than water. 
In one test with snow melting on the conductor R. I. 
was 3.5 times greater than before the snow began to melt. 

If the R.-I. value for rain is established it may be used 
as indicating the maximum which will exist, excluding 
conditions such as hoar frost and ice, for which no data 
were obtained. 


Weathered Conductors. Weathering can reduce R. I. at 
the higher voltages when the conductor is dry. However, 
the threshold voltage may be lower than for a new con- 
ductor and the test values from day to day are not as 
consistent as for a new conductor. In fact, the smoother 
and cleaner a conductor is the more consistent the test 
results. With rain there is no significant difference be- 
tween weathered and new conductors. It can be stated, 
therefore, that weathering of conductors will not result 
in any material increase in R. I. and can result in some 
reduction. What the amount of reduction will be depends 
on the condition of the conductor surface after installation. 


Effect of Conductor Voltage. As the voltage on a conductor 
is increased the R.-I. threshold voltage can be detected 
readily on new and dry conductors in the laboratory by 
radio noise meter headphones. On dry weathered con- 
ductors and on all conductors in rain the threshold voltage 
is not as clearly defined by listening. R. I. occurs first on 
the negative half-cycle on new dry conductors, and for 
usual operating voltages exists only on the negative half- 
cycle. With weathered conductors at usual operating 
voltages, R. I. exists on both half-cycles, as can be seen by 
laboratory oscillogram Figure 4C. For wet conductors 
R. I. is generated chiefly on the positive half-cycles for 
both the smooth and weathered conductors, as can be seen 
from oscillograms in Figure 4 obtained in the laboratory. 

With increase in conductor voltage beyond the threshold 
voltage, R. I. increases rapidly as shown by the Tidd curves 
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of Figure 1 and laboratory curves, Figure 5. It will be 
noted that the rate of increase of R. I. differs for smooth 
and weathered dry conductors, Figure 5; whereas in rain 
it is about the same for both. The average, quasipeak, 
and peak values of R. I. increase with voltage at approxi- 
mately the same rate as shown by Figure 1. 

From the data obtained in the laboratory for the threshold 
voltage, the points near the calculated curves 8 and 9 of 
Figure 6 were obtained. The calculated threshold curve 
for stranded conductors is based on the relation 


(1+0.3) 
Vir 


where 21.1 is the critical gradient for air in rms kilovolts 
per centimeter; 6 is the air density factor; 7 is the radius 
of conductor in centimeters; S is the spacing in centimeters 
(in this case S=2h where h is height of conductor above 
ground plane used for laboratory tests), and m, the surface 
factor, equals 0.846. 


Effect of Conductor Diameter on R. I. The effect of con- 
ductor diameter, as far as the starting voltage is concerned, 
is as given in equation 1 and is substantiated by the labora- 
tory test data, see Figure 6. The voltage for a constant 
R.-I. value for smooth dry conductors can be obtained 
by adjustment of the gradient constant in equation 1. 
Similar relations of voltage to diameter apply with rain. 
It is, of course, necessary to use for rain a surface factor of 
0.24 in conjunction with adjustment of the gradient con- 
stant. The constants for rain will give results agreeing 
within 10 per cent of test values for conductor diameters 
between 0.25 inch and 1.65 inches. Very fine wires, 
such as 0.040-inch diameter, will have values with rain less 
than when dry, and the effect of water on conductors 
above 1.65 inch decreases at least up to 2-inch diameter. 
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Figure 1. Typical 
voltage run at Tidd; 
3-phase line, 2.0- 
inch diameter con- 
ductor. Average, 
quasipeak, and peak 
values of R. I. at 
1.0 megacycle 
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By the use of laboratory threshold and 2,000-microy 
values and Tidd and existing line data, curves of conduct 
diameter to voltage phase-to-phase for 32-foot spacit 
were obtained and are shown on Figure 6. It can be se 
that the R.-I. threshold test points agree quite well w; 
the calculated values. The laboratory threshold curye 
with rain was drawn from the test values. The fal 
weather curve for Tidd conductors, curve 4, for fid 
intensity of 15 microvolts per meter at 100 feet is for strand 
conductors. For Hedernheim (HH) copper conducte 
the corresponding curve 6 is slightly to the right; howey: 
for rain the stranded and HH conductor data fall on t 
same curve, curve 3. Curve 15, for 150 microvolts ¢ 
meter at 100 feet, is shown in order to indicate what increz 
in voltages would be obtained if the field intensity we 
increased ten times. Limited laboratory data on new a 
weathered stranded dry conductors for the 2,000-microv 
level are given in curves 10 and 11. _ These curves indie: 
that the R.-I. level is lower for weathered than for new c 
conductors. Some of the data obtained on existing 138- 
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Figure 2. Attenuation of R.I. field intensity with distance fr 
transmission line f 


' 
O Average of 28 tests—138-kv lines { 
X Average of 22 tests—230-ko lines ( 
A Average of 42 tests—Tidd lines; 280 to 450 ko ? 


@ Average of above 92 tests 
L] Calculated attenuation 
+ Typical test at 395 kv 
All tests: quasipeak R.I., 0.2 to 1.5 megacycles, all 
weather—fair, rain, snow, and fog 4 
. 
and 230-kv lines are shown on curves 5 and 16. 
points for these lines were obtained from field meas 
ments extrapolated to 15 microvolts per meter accord 
to the R.-I.-to-voltage curves at Tidd. The operating l 


data fall fairly well on a curve extended from the T; 
curve 4, re | 


7 


Effect of Lateral Distance. As the distance from the 
increases, the R.-I. field intensity decreases rapidly, 
shown by Figure 2, which indicates the average values 
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Figure 3. R. I. analysis from test-line chart records 


several lines as well as the Tidd line. 
s calculated from the equation 


100 
D\2 
WEA 
+(2 
where P is percentage at lateral distance from a point 


directly under the outside phase conductor and H is the 
conductor height at Tidd at mid-span. 


R.-I. Variation with Frequency. The value of R.-I. field 
mtensity over the portion of the frequency spectrum of 
significance, as far as high-voltage line conductors are 
soncerned, was obtained on successive days and constant 
weather conditions on Tidd test line number 2, and on 
a 138-kv 3-phase line. Figure 7 is for a 138-kv line in 
service with spacing as shown and for other lines as in- 
dicated. The data indicate that R. I. decreases quite 
rapidly as the frequency increases, and for line operating 
yoltages at which reception in the broadcast band would be 
satisfactory, conductor R. I. may be ignored above 50 
megacycles even for wide-band communication such as 
television. 


Single-Phase and 3-Phase Tests. Single-phase and 3- 
phase voltage runs were made on the same day to obtain 
the correlation between R. I. for these two conditions. 
This was necessary because of the number of single-phase 
somparison tests made at Tidd. Typical fair-weather 
voltage runs single-phase and 3-phase are shown in Figure 
8. At a voltage which might be used for the conductor 
tested the 3-phase to single-phase ratios are: 3.5 for average 
meter reading, 2.4 for quasipeak, and 2.3 for peak. 


The dashed curve 


CORRELATION OF TIDD AND LABORATORY DATA 


. Figure 6 we can see that laboratory data taken on 
| dry conductors will indicate a conductor for R. I: 
which would be only one-third the diameter required. 
In fact, the dry threshold voltage in the laboratory is higher 
than the voltage at which considerable R. I. occurs on the 
Tidd lines. For rain conditions, however, the laboratory 
Jata correlate quite well with field results. The results 
rom laboratory and Tidd data for dry conditions indicate 
he large effects of variations in the surface of weathered 
conductors. It was determined by oscilloscope studies, 
ec Figure 4, that corona can exist on the positive half-cycle 
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on dry weathered conductors, whereas on new conductors 
no corona appears on the positive half-cycle. It was also 
determined that during rain R. I. appears mostly on the 
positive half-cycle. These results show that a dry weathered 
conductor is similar in some respects in R.-I. characteristics 
to a conductor in rain or with water drops adhering to the 
surface. In the laboratory, where the test conductor was 
only 20 feet in length, one sample may not necessarily 
correlate with field data where much longer weathered 
conductors were tested. It was found on the test line that 
there were variations in fair-weather data as shown by 
Figure 3. If many samples of weathered conductors had 
been tested in the laboratory similar variations and better 
correlation with field data also might have been obtained. 
In any case it appears that a test in the laboratory on a 
smooth dry conductor is necessary to establish that the 
test setup used will follow equation 1.. Then tests on any 
conductor dry and with rain will establish its R.-I. rela- 
tionship to a smooth conductor or any conductor for 
which field and laboratory data are available. 


Operating Line Data. It was determined that the R.-I. 
level of lines of the 138-kv and 230-kv class have values 
quite consistent with other data presented in Figure 6. 
Experience also indicates that these lines are not the cause 
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COMPARISON OF WEATHERED CONDUCTORS IN RAIN AT 177 KV. 


(i) 2.0°ACSR (J) O.5°STRANDED COPPER 
TIDD LINE AT 400KV. WINDSOR-CANTON 138 KV 


RADIATED RI. 40 FEET FROM 39 LINE-FAIR WEATHER 


Figure 4. Oscillograms showing R. I. from conductor radio 
noise under various conditions: A to H from laboratory tests, I 
and J from operating line tests 
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COND UNDER TEST 
20' LONG 


500 KV 
TEST 
TRANSF 


per conductors 20 inches apart was u 
obtain the 15-microvolt-per-meter level at 
feet from the line shown in curve 7, Figura 
From these data we see that the bundle cq 
ductor tested is equivalent in R. I. in — 
weather to a single 1.53-inch-diameter sts 
reinforced aluminum-cable conductor andi 
a 1.38-inch-diameter HH conductor. : 
laboratory rain tests it is indicated that ~ 


2-conductor bundle is equivalent to a ¢ 


inch-diameter steel-reinforced aluminum-ca 


single conductor. 2 | 


% 


Present R.-I. Situation on Operating Lines. T’ 


presentation includes, principally, test proc; 


ures and test data. It is also necessary to ey 
uate the results in terms of the effect of R: 


on communication services. | 
The transmission lines of the American € 


and Electric Company system in the gene 
voltage range of 69 kv to 138 kv have cau: 


very little interference to radio reception 1 
der all weather conditions. The few cases 
complaints that were definitely traced to» 


MICROVOLTS FROM CONDUCTOR TO GROUND AT I MG. (FERRIS 32A) 


transmission system were found to be caused 
a 
defective insulators, and in some cases defect 


150 
KV TO GROUND 


Figure 5. 
laboratory 


of radio noise complaints for amplitude-modulated or 
television services and frequency runs made on these lines 
show that R. I. falls off rapidly with frequency; see Figure 
7. Chart data from operating lines are similar to those 
obtained at Tidd. The difference between fair weather 
and rain is well established for this type of line and checks 
with data of Figure 3. It is indicated by the field data 
that the R.-I. effects for 138-kv double-circuit and single- 
circuit lines at distances 40 feet or more away from the line 
are about the same. It might be expected that the R. I. 
from a 2-circuit line would be equal to a single-circuit 
line times V2 if all conductors had the same R.I. How- 
ever, because of the shielding effects of other conductors 
the over-all effect is about the same as for a single-circuit 
line. Vertical 3-conductor configuration gave results 
about the same as for three conductors in horizontal 
configuration. 


Bundle Conductors. Some tests were made at Tidd and 
in the laboratory on bundle conductors. R.-I. threshold 
and other values for bundles are given in Figure 6, curves 
12, 13, 14, 17, 18, and 19. In the case of 2-, 3-, and 4- 
conductor bundles tested (see Figure 9), the R.-I. threshold 
for a 2-conductor bundle was within five per cent of the 
calculated value at the optimum spacing S/d=10 and less 
than this at greater spacing. The small amount of data 
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R. I. variation with voltage for conductors tested in the 


Lippert, Pakala, Bartlett, Fahrnkopf—Radio Influence Tests 


line hardware and replacement elimina 
the interference. 

With the increase in areas served by te 
vision broadcasting, complaints from te 
vision owners are increasing. ‘These complai 
are all investigated and almost without | 
ception the cause of interference is traced 
causes other than radio influence from transmission lir 

With the record of many years’ experience in the 
dustry with existing transmission lines in the gene 
voltage range of 69 kv to 230 kv and the relative freed 
from radio interference in the vicinity of these lines, i 
believed that the magnitude of radio influence genera 
by these lines is not sufficient to cause interference 
amplitude-modulated radio or television, and that 
existing R.-I. levels can be considered as conservativ 
low for the design of new lines (see curve 5, Figure 6). 


Tolerable R.-I. Level for Super-High-Voltage Lines. “ 
effect of R. I. from high-voltage lines on communica 


services depends on factors such as: 


1. Characteristics of R. I. due to corona. . 


2. Effects of this type of R. I. on communicat 
services. 

3. Communication signal intensities along line. 

4. Signal-to-noise ratios tolerable to communicat 
services which may be affected. | 

5. Distance of receivers from line. 

6. Number of receivers per unit length of line. 

7. ‘Transfer of R. I. to lower voltage circuits. | 

8. Effects of weather. 


This article will not attempt to make any evaluation 
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lerable limit based on these factors. However, a reason- 
ble approach can be made by the application of data 
resented in this article and field experience with radio 
aterference. 

From Figure 6 it can be seen that curve 4 (Tidd tests) 
nd curve 5 (tests on operating 138- and 230-kv lines) 
ull very nearly along the same curve. This indicates 
hat a proposed line using conductors based on curve 4 
jould be expected to have an R.-I. level approximately 
he same as on the operating line, curve 5, and very little, 
'any, interference would be expected from conductors in 
he radio spectrum from 0.015 to 400 megacycles. Al- 
hough no measurements were made 
bove 400 megacycles the frequency 
urves at 400 kv indicate that above 


old voltage. The correction (for air density factor) as 
used in equation 1 may or may not be accurate for R.-I. 
threshold for lines at high altitudes. 

7. The threshold voltage with rain on smooth or 
stranded conductors occurs at 24 per cent of the threshold 
voltage for a dry smooth conductor. 

8. Under rain or wet conditions R. I. will increase, 
except for fine wires, by several times. 

9. Under rain or wet conditions smooth and stranded 
conductors of the same diameter have the same R. I. 

10. A wet conductor, either with a fine droplet surface 
or with jarger water drops, will have the same R. I. as 


00 megacycles conductor R. I. 
vould be negligible. 2.0 


The data of Figure 6 are believed 
0 be conservative in predicting the 
..-I. effects for super-high-voltage 
ines. ‘The principal reasons for this 
me: 


1. Lines travel across country 
mstead of paralleling roads and 
ow-voltage-distribution and other 
ines. 

2. Fewer homes will be near 
hese high-voltage lines. 

*3. The antenna coupling to lines 
s lower than for low-voltage lines 0.4 


CONDUCTOR DIA IN INCHES 


ecause of greater conductor height 
ind because of greater distances, 
m the average, from line to re- 
eiver antenna. 


CONCLUSIONS Figure 6. 


1. Instrumentation methods used 
vere satisfactory, and for the tests 
lescribed gave very little trouble. 


SPACING — 32 FEET 

uv/m =MICROVOLTS PER METER 
QUASI-PEAK AT I mc 

(FERRIS 32A) 


Conductor diameter and phase-to-phase voltage relations from labora- 
tory and field data 


mstruments for recording usually ~_ 
perated for periods of two weeks 
vithout any attention. 

2. Tests on lines should include sae 
hart recording of R. I. and weather 
lata as well as spot checks. 

3. New conductors when dry 
ave R.I. only during the negative 
alf-cycle at practical operating 
oltages. 

4, Weathered copper or alumi- 
um conductors when dry have R. 
. during both positive and negative 
alf-cycles. 

5. New or weathered conductors, 
n rain or when wet, have R. I. 
nostly in the positive half-cycle. 
6. The R.-I. threshold voltage Lo 
or dry single or bundle conductors, yes 
$ measured at 600-foot altitude, 

hecks the calculated corona thresh- 
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Figure 8. R. I. corre- 


= lation to single-phase 
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Figure 9. R. I. threshold voltages for bundles of smooth con- 
ductors from laboratory tests 


when it is raining. The rate at which the R. I. decreases 
as the conductor dries decreases with the voltage on the 
conductor. 

11. The relation between conductor diameter and 
voltage for radio-frequency field intensities above the 
threshold values is of the same form as the threshold 
relation. 

12. R. I. as measured at any one location changes 
even in fair weather by several times. This is believed 
to be mainly due to the shifting along the conductor of the 
corona bursts. 

13. R.-I. characteristics of line conductors under service 
conditions can now be predicted from laboratory tests. 

14. It is believed that the R.-I. characteristics of a 
conductor to be used on an operating line can be deter- 
mined from the data presented here. These data, to- 
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gether with field experience in the region propos 
transmission line, may be used as a basis for selectin 
conductor. 

15. The effects of changes in relative humidity, tempes 
ture, and pressure as encountered at Tidd are not signi 


cant. . | 
16. The change from 45-foot to 32-foot conduc 
spacing at Tidd was to increase the R. I. by 14 per ce: 
This corresponds to an increase in voltage of 2 per ce 
whereas the calculated increase is 5 per cent. + | 
17. Laboratory tests showed a bundle of two 0.92-ine 
diameter stranded copper conductors has the same R.. 
as a 1.4-inch-diameter steel-reinforced aluminum-cak 
conductor under dry conditions, and the same R. IL. ag 
2-inch-diameter steel-reinforced aluminum-cable condu 
tor when wet. : 
18. R.-I. variation along a transmission line at 1 
feet from the outside conductor is not significant for li 
design. + 
19. Smooth, weathered conductors when dry have t 
same R. I. at 10 per cent higher voltage than strand) 
conductors of the same diameter. They have the sar 
R. I. under wet conditions. . 
20. No appreciable difference in R. 1. was obsery 
between horizontal and vertical line conductor configur 
tion or between single- and double-circuit lines. 
21. At ground level the R.-I. field intensity readir 
were not affected by grounding or isolating the static wir 
22. R. I. decreases inversely with frequency over t 
range of 0.015 to 400 megacycles covered by tests. 
23. Although corona and R. I. start at the sar 
voltage, corona loss after it reaches a significant val 
increases much more rapidly than R. I. with increase 
voltage, while R. I. has significant values at the low 
voltages where corona loss is negligible. 7 
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i THE PERIOD following World War II, shunt capaci- 
tor banks totaling in capacity approximately 225,000 re- 
etive kva were installed on the system of American Gas and 
lectric Company. At distribution stations, 24 switched 
nd unswitched banks, ranging in voltage from 2.3 to 13.8 
v and in size from 720 to 20,100 reactive kva, were pro- 
ided. At transmission stations 12 outdoor capacitor 
anks, ranging in voltage from 22 to 44 kv and in size from 
3075 to 19,800 reactive kva, were installed. 

Most of the low-voltage installations are in two or more 
feps and are switched on and off under voltage control. 
ll of the most recent units are of the housed-cabinet type, 
ince this arrangement is found to be most economical and 
rovides advantages of prompt delivery, quick installation, 
nd possibility of later relocation at small expense. The 
enefits of providing reactive kilovolt-amperes in this man- 
er at distribution stations have become obvious to almost 
veryone in the last five years. The high-voltage banks 
yere found to be desirable for several reasons. 


1. Lower cost when capacity is required in a large 
mount at a given location, as compared to the provision of 
witched low-voltage banks at several locations in an area. 

2. Where heavy power interchanges on the 132-kv 
ystem are causing low-voltage conditions at transmission 
tations, the use of large capacitor banks during these 
eriods maintains reasonably satisfactory voltage levels. 
3. When used in conjunction with existing synchronous 
ondensers or voltage-regulating transformers, high-voltage 
yanks provide an increase in the voltage level necessary to 
ermit the existing equipment to operate in its normal 
‘Oltage-regulating range. 

In connection with high-voltage banks, capacitors of 


ure 1. A 6,600-reactive-kva 45,700-volt capacitor bank at 
kegrady Station (near Elkhorn City, Ky.) of the Kentucky and 
West Virginia Power Company, Inc. 
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Figure 2. Oscillogram of 
energizing and immedi- 
ate de-energizing of 
9,900 - reactive - kva 
45,700-volt capacitor 
bank at Sprigg Station 
of the Appalachian Elec- 
tric Power Company 


standard voltage ratings were used because there were 
considerable savings in cost and greater availability for 
quick replacement, as compared to special 6,900-volt units. 

For instance, for 44-kv operation, each phase in the bank 
is made up of four parallel groups in series, utilizing 7,200- 
volt capacitors in each of the first three groups and 4,800- 
volt units in the fourth group. The three groups of each 
phase are Y-connected, thus obtaining a voltage rating of 
45.7 kv. A view of such a typical 45.7-kv bank connected 
to a 44-kv line in a remote location near Elkhorn City, Ky., 
is shown in Figure 1. A voltage limit of 110 per cent has 
been used to determine how many capacitors may be 
allowed to fail in a series group before automatically trip- 
ping the bank out of service. Experience over several years 
has indicated that capacitor failures are quite rare; there- 
fore, banks may be designed and control provided on the 
basis of staying in service after failure of one capacitor in a 
group and of de-energizing the bank in case of ee of 
two capacitors in a group. 

Most of the high-voltage banks are switched with circuit 
breakers having 8-cycle tripping speed and utilizing special 
interrupters with resistors momentarily shunted across the 
contacts when closing and opening the circuit breaker. 
Tests made originally on several typical banks, and operation 
since then, have demonstrated that overvoltages during 
switching are kept below twice normal and that satisfactory 
and reliable results are obtained with this arrangement. 

Magnetic oscillograph records of the currents and volt- 
age during tests in such a 45,700-volt capacitor bank are 
shown in Figure 2. 

Extremely large savings result by utilizing these high- 
voltage banks, particularly when installed in conjunction 
with synchronous condensers and step-type regulating 
transformers, since in these cases the installation of addi- 
tional and larger and also more expensive equipment is 
obviated. 


Digest of paper 51-15, “Application of Shunt Capacitors at Transmission and Dis- 
tribution Stations,” recommended by the AIEE Committee on Transmission and Dis- 
tribution and approved by the AIEE Technical Program Committee for presentation 
at the AIEE Winter General Meeting, New York, N. Y., January 22-26, 1951. Sched- 
uled for publication in AIEE Transactions, volume 70, 1951. 
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New York, N.Y. ~ 


487- 


Rural Line Sectionalizing by Repeater Fuses 


R. M. SCHAHFER 
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EPEATER fuses have been used by the Northern 
Indiana Public Service Company for sectionalizing 
distribution lines for the last 15 years. Studies have been 
made for all districts, and single line maps have been pre- 
pared for distribution to the various operating departments 
showing the location and recommended fuse link size for all 
sectionalizing points. 

The operating plan is based on the premise that a 
maximum number of sectionalizing points, consistent 
with proper selectivity between sections, will confine 
trouble to the smallest area and that 3-shot repeater fuses 
will restore service after most cases of trouble. 

Co-ordination of 3-shot repeater fuses means that all three 
fuses on one repeater will blow before one fuse on the next 
repeater nearer the source of supply will blow. This means 
that there must be definite steps in the size of fuse link 
used in any number of sectionalizing points in series in a 
line. It also means that the links at the farthest point in 
the circuit must be as small as possible to avoid the use of 
too large a fuse at the beginning of the sectionalized line. 

The smallest size fuse link possible for each size distribu- 
tion transformer is being used in order to be able to use 
small sectionalizing fuses. The transformer lightning 
arresters are connected on the line side of the transformer 
fuse so that a lightning-arrester operation cannot cause a 
transformer outage. 

Consideration must be given to all pertinent factors in 
locating sectionalizing points. Importance of the load 
served in an area, unusual hazards to the line, inaccessibility 
for repairs, bad tree conditions, size of load to be picked 
up after a prolonged outage, and any other special condi- 
tions will determine locations for either an operating or a 
service standpoint. 

Replacement of blown fuses has been taken care of 
without regularly scheduled patrols. All employees are 
instructed to report blown fuses found in the course of their 
regular work, and special patrols are made after every 
storm. ‘This method of operation, together with the fact 
that 3-shot fuses will restore service for two transient faults 
before a total interruption occurs, has proved satisfactory. 

Data have been accumulated for the past 11 years from 
the daily records of one of the representative districts, 
and these data have been analyzed from time to time. 

At the present time there are 384 miles of line in the 
representative district, protected by 144 3-shot repeater 
fuses at 113 sectionalizing points. The fuse sizes used 
range from a minimum of 2 amperes to a maximum of 40 
amperes, with 32 of them 5 amperes or less. 

Over the 11-year period analyzed, 2,940 fuses have 
blown from 1,266 cases of trouble, and the record shows that 
most installations have not had more than three cases of 
trouble in any 2-year period. 

The major causes of trouble, lightning, tree limbs, and 
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lightning arresters, accounted for 62.7 per cent of all cas« 
reported. Analyses of these causes are as follows: 


1. Lightning. 1,010 fuses blown in 595 cases of troubl) 
All three fuses blown—24 per cent of cases. One or tw 
fuses blown—76 per cent of cases. 4 

Lightning is used in the sense of the initiating caus 
since the actual cause of fuse blowing is the 60-cycle currer 
which flows over a path ionized by the lightning strok! 
Exceptions may occur in rare cases, but the probability « 
a sufficiently high current stroke discharging through a fus 
to ground is very small. . . 


2. Tree Limbs. 648 fuses blown in 240 cases of troubl 
All fuses blown—82 per cent of cases. One or two fuse 
blown—18 per cent of cases. : 

Information from the field shows that in most cases « 
trouble tree limbs must be removed before service can hb 
restored, and 18 per cent successful reclosure is as good z 
can be expected. 


3. Lightning Arresters. 221 fuses blown in 221 cases « 
trouble. All fuses blown—88 per cent of cases. One ¢ 
two fuses blown—12 per cent of cases. 


Sectionalizing fuses seldom restore service after lightning 
arrester failures but serve to localize the search for this typ 
of trouble which is so difficult to find. 

Summarizing all cases of trouble, service was restore 
in 57 per cent of the cases by using 3-shot repeaters. | 
2-shot repeaters had been used, the successful reclosur 
would have been 41 per cent of the cases. 

Improper operations have been reported in 60 case 
most of which, it is believed, resulted from causes that a1 
not inherent faults in the equipment. , 

Estimated annual investment costs allocated to the ave 
age number of cases of trouble per year to compare 1-sho 
2-shot, and 3-shot repeater fuses show that each case | 
trouble could be sectionalized by using single-shot device 
at a cost of $4.23 each; using 2-shot repeaters would reston 
service in 41 per cent of all cases of trouble at an addition 
cost of $14.80 each; using 3-shot repeaters would rest 
service in an additional 16 per cent of all cases at an ad 
tional cost of $12.10 for each case of trouble. 

No economic comparison is intended between 3-sh 
repeating fuses and other automatic sectionalizing device 
nor between this method of sectionalizing and a 
methods. As a result of experience and analysis of tk 
records, it is believed that satisfactory results are beir 
obtained at a reasonable cost. 


ee es Eee 
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Structure 


and Properties of Ferrites 


F. G. BROCKMAN 


T IS THE PURPOSE of 
this article to review 
the advances made in 

understanding the ferromag- 
netic ferrites since the pre- 
vious AIEE conference paper! 
on the subject of the ferrites. 
In order for this paper to be a coherent unit, a brief re- 
view of the crystal structure of the ferrites of interest will 
be given. 


REVIEW OF THE CRYSTAL STRUCTURE OF FERRITES 


HE FERRITES are not metallic but are chemical com- 

pounds with the general formula Mt+t?Fe,O, where 
M*? is a divalent metal ion. (It should be mentioned that 
lithium, a monovalent ion, can form a ferrite with the same 
general structure as discussed here. In order to satisfy 
the valence requirements, the formula of this lithium 
ferrite is Li,,,Fes;,O.. It has ferromagnetic properties and 
has been studied by Gorter.2) The divalent ions of 
importance to this discussion are Mgt?, Cut?, Mnt2, 
Ni*?, Fe+?, Zn*?, and Cdt*®. The ferrites of these seven 
elements all have the same crystal’ structure, called the 
“spinel” structure. The spinel structure is cubic* and 
the arrangement of the ions is that of a close-packed oxygen 
lattice, face-centered cubic, with the other ions (for instance 
Mgt? and Fet® in MgFe,O,) distributed in an orderly 
fashion throughout the spaces (interstices) left in this cubic 
lattice. Two varieties of interstices exist in the lattice. 
These differ in the number of surrounding oxygen ions and 
are referred to as (1) the tetrahedral interstices, and (2) 
the octahedral interstices. The spinel unit cell contains 
32 oxygen ions, 16 ions in octahedral interstices, and eight 
ions in tetrahedral interstices. ‘There are two varieties 
of spinels called (1) normal, and (2) inverse. In the 
normal spinels the divalent metallic ions occupy the 
tetrahedral positions and the trivalent ions (Fet*) occupy 
the octahedral positions. In the inverse spinels, the 
tetrahedral positions are occupied by trivalent Fet® ions 
and the octahedral positions are occupied jointly by the 
divalent and the remainder of the Fe*? ions. 
_ At the time of the previous article,! the following ob- 
servations and rules had been made: 


1. The ferrites exhibiting ferromagnetic properties 
are inverse spinels. 
2. The ferrites showing no ferromagnetic properties 


are normal spinels. 
3. The introduction of a normal (nonferromagnetic) 
CTT enn eee ee ooo 


* Divalent metals other than the seven listed, for instance, lead, may form compounds 
which possess the ferrite chemical formula but which do not crystallize in the cubic 
lattice. Crystal systems other than cubic lack this symmetry and possess inherently 
a crystalline anisotropy. This crystalline anisotropy then causes magnetic anisotropy 
over and above that to be expected for cubic lattices, As noted in reference 1, the 
initial permeability is thes maller, the larger the anisotropy. 
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Many advances have been made in the study 
of ferromagnetic ferrites in the past few years. 
This article discusses the Neel theory, in both 
the paramagnetic and ferromagnetic regions, 
and consequences and proof of the Neel theory. 
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ferrite into an inverse (ferro- 
magnetic) ferrite in solid 
solution lowers the ferro- 
magnetic Curie point. 

4. Of the ferromagnetic 
ferrites only ferrous ferrite 
has a positive magnetostric- 
tion; the others have a negative magnetostriction. 


Left unanswered at that time were some questions of 
fundamental importance. In particular, why should so 
marked a difference exist between the normal and the in- 
verse spinels? Any theory which explains the ferromag- 
netic behavior of, for instance, copper ferrite must also 
account for the fact that zinc ferrite is nonferromagnetic. 

Application of the Bethe and Slater criterion for the 
existence of ferromagnetism (that is, for positive inter- 
action) in metals to the case of the ferrites is unrewarding. 
This criterion is based on a critical ratio of the atomic 
separation to the diameter of the unfilled 3 d shell. In the 
ferrites the distances between the various possible positions 
for the ions with uncompensated spins are: 


tetrahedral-to-tetrahedral distance = !/,a V 3 =0.433a 
tetrahedral-to-octahedral distance=1/ saV'11=0.415a 
octahedral-to-octahedral distance=1/4a V2 =0.353a 


where a is the unit cell edge length. 

For instance, in magnesium ferrite a is 8.36 angstroms. 
The diameter of the ferric ion is about 1.34 angstroms. 
In magnesium ferrite the magnetic ion present is only the 
ferric ion and, in this inverse spinel, these ferric ions are 
found in both tetrahedral and octahedral positions. The 
ratios of the separations of the ions to the diameter are: 


tetrahedral-to-tetrahedral: 3.61/1.34=2.70 
tetrahedral-to-octahedral: 3.46/1.34=2.58 
octahedral-to-octahedral: 2.95/1.34=2.20 


These ratios are considerably greater than those for the 
ordinary ferromagnetic metals, but they are not greater 
than that for gadolinium, which is also ferromagnetic. 
However, the anomaly of the nonferromagnetic behavior 
of zinc ferrite (a=8.42) in which only octahedral positions 
are filled is not resolved on this basis. 


THE NEEL THEORY 


N™ IN AN exceptional analysis* of the characteristics 
of the ferrites, has developed a theory which appears 


Full text of a conference paper presented at the AIEE Winter General Meeting, New 
York, N. Y., January 22-26, 1951. Second in a series of two pa on magnetic 
materials at high frequencies. See “tA Study of Nuclear and Electronic Magnetic 
Resonance,” K. K. Darrow (EE, May ’51, pp 401-4). The author wishes to express 
his appreciation to Dr. F. K. du Pré of Philips Laboratories, Inc., for helpful discus 
sions concerning the material presented in this paper. 
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to describe much of the behavior of these materials, and 
accounts for the ferromagnetic behavior of the inverse 
ferrites and for the nonferromagnetic behavior of the 
normal ferrites. 

Aside from the real ingenuity underlying this develop- 
ment, a small part of Neel’s success is due to the fact that 
he considered not only the ferromagnetic behavior of the 
ferrites but their paramagnetic behavior as well. 

The features of this theory are that the magnetization of 
a ferrite is calculated as a function of temperature for the 
two cases: temperatures above the Curie point (para- 
magnetic) and temperatures below the Curie point (ferro- 
magnetic). Neéel’s methods will be followed in the next 
two sections. 


THE PARAMAGNETIC REGION 


jiaake THE Curie point, the ferrites, in common with 
other ferromagnetic substances, are paramagnetic. 
In order to understand Neel’s development, a brief review 
of earlier considerations of paramagnetism may be useful. 


The Langevin Classical Theory. The paramagnetic be- 
havior of substances was first investigated by Curie who 
found that those substances studied by him obeyed a law 
which bears his name. This law states that the sus- 
ceptibility varies inversely as the absolute temperature: 


xu = Cy/T oC) 


Here x,, is the susceptibility of a mole of the substance; 
Cy is a constant, the Curie constant, for a mole of that 
substance; and T is the absolute temperature. 

Langevin gave the Curie law a theoretical foundation. 
He considered a paramagnetic gas, each particle of which 
has a permanent magnetic moment so that, in a magnetic 
field, the particles tend to align themselves in the field. 
Thermal agitation prevents the complete alignment of the 
particles, and, on the basis of the Maxwell-Boltzmann law, 
Langevin derived the following relationship: 


= Nu(coth a—1/a) (2) 


where a equals wH/kT. 

Here, Jy is the magnetic moment per mole; yp is the 
magnetic moment of one molecule; H is the strength of 
the magnetic field acting; T is the absolute temperature; 
k is the Boltzmann constant; WV is the Avogadro number; 
and coth a is the hyperbolic cotangent of a. This is written 
also as 


Iu = NuL(a) (3) 


by defining the Langevin function L(a) as the quantity 
(coth a — 1/a). 
When a is small, then the relationship can be written 


pH 
mitt: on a) 


since Nk=R, the gas constant. 
Finally, because the susceptibility is the magnetization 
per unit field strength 


alu (Ne NL 
SOR | F (5) 


N22 
BRT (4) 
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This is the theoretical Curie law, derived from ¢ 
theory. The molar Curie constant has the thec 
significance that it is 
_e s ! 
| 4 
The Curie-Weiss Theory. Not all paramagnetic sy 
stances obey the Curie law. Certain other substa 
including some which are ferromagnetic at temperatu: 


below a characteristic temperature (the Curie tempe: 
ture), obey a second law, called the Curie-Weiss law 


_ Cu. | ; 
XM _p i 


Here the quantities are the same as in the simple Cu 
law with the introduction of another constant, 6, which 
a characteristic temperature. For ferromagnetic elemer 
this is approximately equal to the Curie temperature. 

Weiss derived this law by extending the Langex 
theory, assuming that an internal molecular field exi 
which is proportional to the intensity of magnetizatic 
The field now acting in the body is not only the exterr 
field but also this added internal field. With this ; 
sumption then, the H in equations 2 and 3 must be rc 
by an effective field 


ae 


Hey = H+cl 


ae 


where H is the external field; ¢ is a constant which, wh 
multiplied by J, the intensity of magnetization, vic t 
internal field. 

The Langevin theory, with this substitution, and at. hi 
temperatures (that is, above the Curie point), yields t 
following equations by the approximation for the Lange 


function when the argument is small } 
s 
Cu 

Lusi Hh : 
ee et 
t 
_ Cu ( 
Xm = To H 
corresponding to equations 4 and 5. Here Cy, has t 
same significance as in equation 6 and 5 
; 
_ oN? . 

yk 


The Quantum Theory. In the Langevin theory 
assumed that the particles can take any orientation w 
respect to the field direction. However, the quant 
theory requires that only certain definite positions can 
assumed. When the quantum mechanical rules are 


plied to paramagnetic behavior, the molar magne 
moment is 


1 =N, ‘upB &jMB 
M sina ( 


This is similar to equation 3. The difference be 
this expression and that for the classical Langevin the 
is that (a) the elementary magnetic moment p ba 
evaluated as the product gju, (In this product, g is 
gyromagnetic ratio, j is the quantum number characte 
ing the total angular momentum of the atom in quest: 
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d uz is the fundamental magnetic unit, the Bohr magne- 
1.); (b) the Langevin function has been replaced by 
other, called the Brillouin function. This latter function 
sd not be presented here. It will suffice to note that, 


small values of the argument, equation 3A reduces 
0 to the simple Curie law. 


The Paramagnetism of the Ferrites. The paramagnetic 
yperties of a number of ferrites were studied by Made- 
iselle Serres. The results do not fit the Curie-Weiss 
y and, of course, can not be expected to fit the simple 
rie law if the ferrite is ferromagnetic at lower tempera- 
es. Neel has extended the Weiss concept of the internal 
id to the ferrites. It was done in this manner: 


1. The development is for the case in which only one 
. two metallic ions in the ferrite is magnetic (that is, 
+3 

2. It is not assumed that the ferrite is completely 
verted or normal, but that some arbitrary distribution 
ists. This distribution ratio becomes a parameter in 
> equations. 

3. ‘The magnetization of the ferrite is made up of two 
rts, the magnetization due to the Fe*? ions in the tetra- 
dral position and the magnetization due to the Fet? ions 
the octahedral position. (It is reasonable that these 
agnetizations may be different since the oxygen sur- 
undings are different in the two positions.) 

4. No assumption is made as regards the signs of the 
efficients of the molecular fields. (If the sign is positive, 
is indicates a positive exchange integral and the spins of 
¢ interacting ions tend to be aligned. If negative, this 
jicates a negative’ exchange integral and the spins of 
¢ interacting ions tend to be antiparallel.) 


Condition 2 in the steps just outlined is represented as 
lows: Let a fraction ) of the Fe+? be in the tetrahedral, 
‘position and the remaining fraction » be in the octa- 
dral, B, position. That is 


—p=1 (12) 


a normal spinel »=1; in an inverted spinel p=1/2. 
For condition 3, the total magnetization is the sum of 
€ magnetization due to the Fet® ions on each position 


=Myt+ulez (13) 


nere I, and J, are respectively the magnetic moment 
a gram ion of A ions (Fe*? ions in tetrahedral surround- 
gs) and a gram ion of B ions (Fet# ions in octahedral 
rroundings). 

As in the Weiss treatment, the field acting in the body is 
€ sum of the external and the internal fields, see equation 
_ But now there must be two internal fields, one due to 
€ moments in the A positions and the other due to those 
the B positions. These two internal fields may act 
fferently upon the ions in the A positions and upon the 
ns in the B positions. The differences will appear in the 
efficients which will be equivalent to the single coefficient, 
in equation 8. In this way, and with strict analogy to 
eiss, Néel writes 


(=n(adl,+euTg) 
g=n(Bulz+erI,) 
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for the internal field acting upon an A position, H,, and 
for the internal field acting on the B position, H,. Here 
na.is the internal field constant for the interaction of ions 
A on A; n@ is the constant for ions B on B; and finally, 
ne is the constant for ions A on B (or B om A; which is 


reciprocal). Note that ¢ is assigned only two values, 
+1 and —1. This fixes condition 4 in the steps outlined 
previously. Of course, the internal fields depend upon 


the numbers of ions involved, and this is accounted for by 
the factors \ and py. 

Still in keeping with the Weiss concept, the total field 
acting is introduced into the Curie law, giving two equa- 
tions for the two moments 


Cc 
I= qt +H,) 

C (15) 
Ip=5(H+Hp) 


By eliminating J,, J,, H,, and H,, equations 13, 14, 
and 15 yield a relationship between J,,, H, and 7. This 
in turn will give the susceptibility x, (since it is the ratio 
of I,, to H) as a function of T. 

The solution reduces to this equation 


ee Mega (16) 
xu Gx. 2F—@ 
When e=—1, which turns out later to be the choice in ¢€ 


which furnishes solutions in agreement with experiment, 
then - 


1 
— =n(2Au—Na — WB) 
Xo 


o=nCru(d(1+a)—v(1+8))? 


6=nCru(2+a+8) (17) 


C is the Curie constant, which according to the quantum 
theory, is different from equation 6, being equal to 
N?g2j(7-+1)ug?2/3R. Mademoiselle Serres’ paramagnetic 
data have been fitted to equation 16, and the agreement 
between the calculated and the experimental susceptibilities 
is very good except near the Curie point. 

Note that fitting experimental results into equation 16 
yields values for the three constants Xo, 9, and §. But 
note also that equations 17 relate these three to the four 
parameters, n, \, a, and 8. 

Thus, although the theory up to this point furnishes a 
description of the paramagnetic behavior, it does not 
permit of the complete description of the ferrite. There- 
fore, it becomes necessary to carry the development into 
the ferromagnetic region (temperatures lower than the 
Curie temperature). Equation 16 fails near the Curie 
point and, indeed, at a temperature T equal to @ the 
equation is useless. 


THE FERROMAGNETIC REGION 


N DERIVING the Curie-Weiss law for paramagnetic 
behavior according to the classical theory, the ap- 
proximation is made that the Langevin function, L(a), 
is equal to a/3 (or according to the quantum theory, 
that the Brillouin function B(a) is equal to [(j7+1)/j][a/3]}) 
when a is small. This approximation is not justified if 
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a is not small, for instance, at lower temperatures. Under 
this condition the complete function must be used, and when 
this is done it is possible to calculate the ferromagnetic 
spontaneous magnetization (or, for practical purposes, 
the saturation magnetization) as a function of temperature. 

Again the Weiss technique is transferred by Neel to the 
ferromagnetic region of temperatures. The fundamental 
equations he uses are 


Ts=Mas =ulgs (13A) 
depending upon whether e=+1 or —1. 
Hy=nladrlysteulgs) 
Hg=n(Bulgsteartys) (14A) 
Peel 
AS RT 

MHp (15A) 
(eon eee 
psa sen( “2 


These equations are analogous to the corresponding 
equations in the paramagnetic case excepting for (a) the 
subscripts S§ which mean the saturation magnetization 
(that is, the spontaneous magnetization), (b) the approxi- 
mation made in writing the paramagnetic equations 15 is 
not justified and the complete expression for the Brillouin 
function must be used, and (c) M=gju,N. 

The complexity of the problem now is great. Neel 
analyzes experimental results on ferrites for both the 
paramagnetic and ferromagnetic regions of temperatures 
in the light of the equations derived when e= —1 and also 
when e=+1. The procedure consists in altering the 
parameters until agreement is obtained between the theory 
and experiment. When this agreement is obtained the 
values of the parameters \, a, B, n, and e are known. 


THE CONSEQUENCES OF THE NEEL THEORY 


ae NEW FACTS concerning the structure and properties 
of the ferrites are now apparent in the light of this 
theory. These are: 


1. The ferrites previously considered to be inverted 
are not necessarily in the completely inverted form. 

2. The chief interaction causing ferromagnetic be- 
havior is that between magnetic ions in the tetrahedral 
positions and those in the octahedral positions. Com- 
pared with this interaction, that between the ions in the 
tetrahedral positions is small as is that between the ions 
in the octahedral positions. 

3. The interactions are negative* (antiparallel arrange- 
ments of the spins). 

4. Ferromagnetic behavior occurs when the tetrahedral 
and the octahedral positions are both occupied by magnetic 
ions in unequal numbers. 

5. It can be seen qualitatively that zinc ferrite should 


* To workers active in the field of ferromagnetism, the subject of antiferromagnetism 
may be unfamiliar. This is because antiferromagnetism was first recognized in para- 
magnetic substances which showed no ferromagnetic behavior. Néel5 in 1932 recog- 
nized the fact that the unusual behavior of certain paramagnetic substances could be 
explained by the assumption of a negative interaction of'spins. In the substances first 


investigated, however, there are equal numbers of spins in, say, the east and west direc- * 


tions. This results in a cancellation of any ferromagnetic behavior. Néel’s theory, 
which is the basis of this report, is the first instance of the explanation of a ferromagnetic 
behavior due to an unbalance in the numbers of east and west spins. Néel suggests 
that this type of ferromagnetism is sufficiently different to require a new name, “ferri- 
magnetism.” 
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be nonferromagnetic because here only octa-oct uh 

positions are occupied by magnetic ions, and this i 

action is small. 
EXPERIMENTAL PROOF OF THE NEEL THEORY © 


I THE FERROMAGNETIC region, proofs of the theory a 
to be looked for in the saturation behavior of tl 
ferrites. 


4 
The magnetic ions of interest in the ferrites are list 
here together with the numbers of elementary magnet 


moments (Bohr magnetons) associated with each. 4 | 

Ion Fett? "Mn? “Fert?” Nica ce 

M,, Number ; 
Magnetons* 5 5 4 2 1 


q 


In order to estimate the total magnetic moment 
saturation at absolute zero for one molecule of the ferrit 
a simplification of the theory can be made. A rule mi 
be adopted which ignores the smaller A-A and B-B inte 
actions and which specifies merely that the spins a 
oppositely directed in the tetrahedral position from tho 
in the octahedral position. Thus, in nickel ferrite, 


inverse spinel: j 
' 

tetra octa 4 

Fe Ni Fe O, j 

ee Se 7 

4 


Setting down the number of Bohr magnetons associate 
with each ion and supplying positive or negative signs | 


indicate the opposition of the spins, we obtain: ; 
Fe Ni He 
=6 <p +5 —> 2u, , 


The value? obtained by experiment** is 2.3 u,. Althoug 
this agreement is not perfect, in the absence of this theor 
one could only sum all the moments present, arriving : 
12 up. ; 

In the case of copper ferrite, the saturation magnetizatic 
depends upon heat treatments. When quenched fr 
a high temperature, the saturation moment is 2.3 — 
whereas if it is slowly cooled the value is 1.3 w,. On tl 
basis of the theory this is explained by an exchange | 
copper ion for the ferric ion in the tetrahedral positio: 
While the agreement between different workers®® on fl 
degree of this interchange is not good, the changes : 
saturation are qualitatively in the correct order to | 
explained by the fact that the more random distributic 
will occur at the higher temperatures. 

The saturation moment observed for magnesium fe 


* These are based on the number of 3d electrons in the ions and Hund’s rule; the 
together furnish the spin quantum number, S. The product of S with the gyromagne 
ratio (g=2.0) is the number of Bohr magnetons associated with the ion. This negle 
any orbital moments. 


+e The number of Bohr magnetons per molecule is related to experimentally obser 
quantities as follows: 

Saturation magnetic moment per mole, M=(gj)upN, as in equation (3A), but | 
Saturation moment is usually measured per cubic centimeter and expressed in gau 


with customarily the symbol Ig. The relation between Ig and the number of Bc 
magnetons, that is, the product gj, is then: 


(gj) uBN 


ipa 
molecular weight 


X density 
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an only be accounted for by supposing that this ferrite 
3 not completely inverted. The observed moment can 
ye explained if about 10 per cent of the magnesium ion 
3 to be found on the tetrahedral position. 

In the case of mixed ferrites containing zinc, the theory 
ives the approximate variation of the saturation moment 
tt absolute zero for variation in the zinc concentration 
vhen the zinc concentrations are not too high. F igure 1 
aken from Gorter’s? paper illustrates this. The system 
f straight lines dotted in this drawing and extrapolated 
0 10 at 100-per cent zinc ferrite, is based on the theory, 
jut ignores the fact that as 100-per cent zinc ferrite is 
ipproached, the concentration of magnetic ions in the 
etrahedral positions decreases to zero at pure zinc ferrite. 
The equation for these straight lines is derived as follows: 
et the mole fraction of zinc ferrite be a. The formula 
hen may be written: | 


tetra 
Fea a a)Z0, 


octa 


Med Feuca, Ox 


Applying the simplified rule, subtract the total number of 
3ohr magnetons in the tetrahedral position from the 
qumber in the octahedral position: 


(1 +a) +M gy .2+ (i—2)—5(1—a) = Ms. 1a 
or 


Ms. tn: = (10 — M sy ,2+ a + Msy.2+ 


As will be noted from Figure 1, the agreement at low 
imc concentrations is satisfactory. The deviation at 
aigher concentrations occurs because of the oversimplifica- 
jon. Néel’ has succeeded in obtaining a better repre- 
entation of the behavior of mixed ferrites which will not 
ae discussed here. 


SUPEREXCHANGE 


I" CONCLUSION, attention should be drawn to a recent 
theoretical paper by Anderson.* This paper is con- 
serned with the mechanism of the exchange in certain 
Saramagnetic oxides which exhibit antiferromagnetism. 
Kramers® first proposed that coupling between the spins 
9f magnetic ions can take place through the agency of 
another ion (for instance, oxygen) located in the lattice 
Setween the magnetic ions. ‘This is referred to as “super- 
xchange.” Anderson’s study, although based on a 
impler structure than the spinel, carries some conclusions 
which are of interest in respect to the ferrites, for in the 
errites the same type of exchange acts as in the anti- 
erromagnetic oxides. These conclusions are: 


1. When oxygen ions are the intermediary through 
which superexchange occurs, the strongest interaction is 
yetween the magnetic ions situated along a straight line 
hrough the oxygen ion. That is, the angle made in the 
attice between the magnetic ions through the oxygen 
s 180 degrees. 

The weakest (and perhaps even zero) interaction is 
yetween magnetic ions situated at 90 degrees with respect 


o the oxygen. 
These conditions are the more likely to be fulfilled if the 
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bonding in the compound is not fully ionic because in the 
derivation the energy of transfer of an electron from 
oxygen to the magnetic ion must be small for the exchange 
interaction to be strong. 

2. Whether the interaction is positive or negative 
depends upon the electron configuration of the d shell of 


Figure 1. Variation 
of the saturation mo- 
ment at absolute zero 
for variation in the 
zinc concentration 


If the d shell is less than 
half complete (that is, fewer than five electrons in the d 


the interacting magnetic ions. 


shell) the interaction is positive. When the d shell is half 
or more complete, the interaction is negative. 


The first conclusion is of interest here because Néel 
finds that the tetrahedral-octahedral interaction is the 
important one. Inspection of the ferrite structure shows 
that the angle between the A and B positions through the 
intervening oxygen ion is about 125 degrees, with the 
spacings: 


0.2164 
0.2504 


A to oxygen 
B to oxygen 


or, if a slightly more removed B ion is considered, the angle 
is 180 degrees with the spacings: 


0.2164 
0.433 a 


A to oxygen 
B to oxygen 


The angle made between two A positions through an 
intervening oxygen ion is about 80 degrees, with the 
spacings A to oxygen of 0.216 a and 0.415 a. 

Finally the angle between two B positions through an 
intervening oxygen is 90 degrees with the B to oxygen 
spacing of 0.250 a. Note that in zinc ferrite the B positions 
are the ones occupied by magnetic ions. The nonferro- 
magnetic character of zinc ferrite appears to be consistent 
with the conclusion that a 90-degree placement results in 
small, or even zero, interaction. 

The second conclusion is also consistent with the be- 
havior of the ferrites, for the interactions are negative and 
the ions involved have d shells half or more complete. 
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There is one recent!? example of positive interaction 
between magnetic ions in an oxygen lattice which yields, 
of course, ferromagnetic behavior. In these compounds 
the magnetic ions are Mn+? and Mn** and here the d 
shells are less than half filled. ‘These compounds do not 
have the spinel structure of the ferrites and will not be 
discussed further here. 
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Variations in Frequency 


{OTM LCLER 


FELLOW AIEE 


LTHOUGH numerous 
A paper sand references! > 

are availableon the sub- 
ject of frequency compensa- 
tion of a-c instruments in 
the higher power frequencies, 
up to 5,000 cycles, most such 
references appear to be lim- 
ited to a given design or range 
in voltage or frequency. A general solution for one type 
of voltmeter compensation is presented here. 

Voltmeters of both the electrodynamometer and iron- 
vane type are fundamentally milliammeters. When in 
series with a suitable resistance they respond to the applied 
voltage. However, they have an inherent inductance as 
well so that as the frequency is increased the impedance 
rises and the instrument reads low. If the inductance is 
reduced by using fewer turns on the actuating coil or coils, 
the instrument takes more current for normal torque to the 
point where the power which must be dissipated is limiting. 

The effect of the inductance on the instrument accuracy 


capacitor shunting its 


$$ p>. 


L,X, 
FIELD COIL 


Figure 1. Circuit diagram of a compensated voltmeter 
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The range of frequencies for which a meter can 
be used within given error limits has been in- 
creased nearly tenfold. This has been ac- 
complished by compensating the meter with a 


value of the capacitor is determined by a rigor- 
ous solution of the meter circuit. 


Miller—Compensation of A-C Instruments 


may be compensated by a « 
pacitor shunted across a pi 
tion of the series resistam 
This is discussed by Dr 
dale and Jolley,! who ¢ 
the fundamental equatio: 
However, instead of obta 
ing a rigorous solution, — 
' approximation is indicat 
which is of little use because it does not take into accor 
any particular frequency range, and certain instrumeé. 
may be much overcompensated if the approximation 
used and large errors may result. 


the 


series resistance; 


THE CIRCUIT 


ais CIRCUIT given by Drysdale and Jolley is shown 
Figure 1. The impedance of this circuit is given 


a oe 


Path) eo ee eed 
1+C77?o? 1+ Cro? 

Note that if the absolute value of this impedance is mi 
the same as the resistance R, the current through the 
strument will be the same as at a low frequency approz 
ing direct current and the error at the higher freque 
will be zero, neglecting for the moment the effec 
Foucault currents in the iron vanes and ae 
ductance as the pointer moves. 


Full text of paper 5 1-30, “Frequency Compensation of A-C Instruments,” reco! 
by the AIEE Committee on Instruments and Measurements and approved 
AIEE Technical Program Committee for presentation at the AIEE Winter Gi 


Meeting, New York, N. Y., January 22-26, 1951. Scheduled for publication in 
Transactions, volume 70, 1951. 


J. H. Miller is with Weston Electrical Instrument Corporation, Newark, N. J. 
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Since it is usually desired to compensate the instrument for 


specific frequency, it will simplify matters somewhat to 
bstitute X, for 1/wC and X, for wL. Equation 1 reduces 


At 2X, 
Sporn Ee : =| (2) 


Taking the absolute value by the square root of the sum 
the squares of the in-phase and j values, we have 


P ay r3 2 PX, 2 
|" neal S| es 
Squaring and rearranging 


(r?—2Rr—2X,X,) 
Peepes- X22 Se 4 
1 +X73+ ine, (4) 


CONDITION FOR COMPENSATION 


4 Is OBvIOUs that if the sum of the factors to the right of 
R? equals zero, then = R and the instrument reads cor- 
ctly. Our criterion for exact compensation is, therefore, 
at in the circuit of Figure 1 the several constants be so 
1osen that 


2 (2 —2Rr—2X,X,) 


ax: = é (5) 


This may be expanded to 
pA? —X,(2X pr?) +X72r2—2R+75=0 (6) 


Solving equation 6 for X,, we arrive at that value of capac- 
y reactance which makes the entire network have the 
ume value of impedance as its resistance, at the frequency 
| question. ‘There is a considerable phase angle which is 
ot a factor in a voltmeter; our concern is to obtain the 
ume current in the actuating coil to obtain the same de- 
ection. 


© P4ra/ 2Rr—X? 7) 
ee 
XL 


USE OF VALUES IN TERMS OF R 


>. QUATION 7 gives the value of capacity reactance for the 
_4 indicated factors, and these, r, R, and X,, may be used 
ith their actual values. However, in this analysis and in 
ve actual use of the equations and curves, it is found much 
mpler to express r, X,, and X,in terms of R. This allows 
r general solutions for different instrument mechanisms 
ad conversion back to exact quantities is relatively simple 
hen the final result has been obtained. 


AN EXAMPLE 


\: AN EXAMPLE of such compensation, a typical uncom- 
“A pensated Weston Model 433 instrument for 150 volts 
lay be considered, with values rounded off for discussion. 
1 this instrument the total resistance R=5,000 ohms. 
he coil resistance is 1,000 ohms so that r may be a maxi- 
um of 4,000 ohms or 0.8 in terms of R. The inductance 
sociated with this instrument is 0.4 henry. 

This instrument is designed fundamentally to be satis- 
ctory from 25 to 125 cycles and to have a frequency error 
ader the worst condition, at 125 cycles, of the order of 0.2 
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per cent. Using this method of compensation one may 
analyze what can be accomplished up to 1,000 cycles using 
this same mechanism. 

The reactance of 0.4 henry at 1,000 cycles is 2,500 ohms 
and, in terms of R, X,=0.5. Solving equation 7 where 
R=1, r=0.8, and X,=0.5, it is found that X,=3.14, again 
in terms of R. Or, X,=15,000 ohms, and this value at 
1,000 cycles is represented by a capacity of 0.01015 micro- 
farad, which will compensate exactly the inductance at 
1,000 cycles. 


PRACTICAL APPLICATION 


Le IS OBVIOUS, however, that it would be difficult to obtain 
a capacitor of some odd exact value, and, accordingly, a 
slightly larger capacitor may be used connected across a 
slightly smaller portion of the series resistance, since C can 
be increased a bit as ris lower. It can be shown, however, 
that the smallest available capacitor which will meet the re- 
quirements should be used across the largest value of r 
since this produces the flattest characteristic at lower 
frequencies. 

In production, the required capacitor is solved for from 
available data on inductance and resistance of a given de- 
sign. The instrument then is assembled, placed in circuit 
with two dial boxes in series to serve as calibrating resist- 
ance, calibrated on low frequency, 60 cycles, for example, by 
adjusting one or both boxes, and the scale drawn. A stock 
capacitor of the next higher value than indicated by the 
calculation is shunted across one dial box. The instrument 
now is standardized on a source of the higher frequency by 
varying the resistance of the box shunted by the capacitor, 
while varying the other box to maintain their sum resist- 
ance the same as at low frequency. The final values of 
resistance. are recorded, and spools or resistance sheets are 
adjusted to those values and connected in place within the 
instrument. 


ERRORS AT OTHER FREQUENCIES 


Sx in equation 4 the several factors to the right of R? 
represent the error introduced and are small with re- 
spect to R, the approximation that the error is half the sum 
of the terms to the right of R? can be used, or 

XP P(X, Xe+Rr—7*/2) 
Error = a TT Le (8) 

When R=1 and other factors are in terms of R, the error 
is given directly in terms of the reading. When the com- 
pensation is perfect, this value, of course, reduces to zero. 
Note that in this equation for other frequencies the term 
X,X, is constant with frequency. Accordingly, in an 
analysis of the frequency errors in a compensated instru- 
ment, the numerator of the second term in equation 8 is con- 
stant and the only terms that vary are X;,? in the first term 
and X,? in the denominator of the second term. 

As an example of the frequency errors involved in a 150- 
volt instrument without compensation and with compen- 
sation, the errors in per cent of the reading are given in 
Table I. While these are calculated values, no difference 
could be discerned in actual tests of the final instrument. 

Up to 1,100 cycles the compensated instrument has a fre- 
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Figure 2. Frequency errors in 5,000-ohm voltmeter having 0.4- 

henry inductance and compensated at various frequencies; the 

curves are marked with the parameter X,/R for the compensated 
frequency 


Table I. Frequency Errors of Standard and Compensated 
Instrument 
Frequency Errors, Per Cent 
Frequency, 
Cycles per Standard Compensated 
Second Instrument Instrument 
GO Ee rnttee bho ste cad fuze EE Mo CMe a Oe Re ete See +0.003 
UCU DEES) 2 i Bi hie ee es serena is SOS US caine crane rm Seen +0.01 
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AOD. cates Seyoies eubic chert ngeos Gage teas heise SAR LUNs tes Fano Me eee +0.12 
GOD eae o aie cette st himelacierh sak SS A50. Seeicmlagpne tha noone Ae +0.20 
UE RO ee fit. CeCe Reena tie LD) Eee STOPS ARC ees See edo 
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quency error of less than 0.2 per cent whereas the standard 
instrument is within 0.2 per cent only up to 125 cycles. 
This gives a net gain of a nearly tenfold expansion of fre- 
quency coverage at the expense of a small capacitor. 
Similarly, the same instrument can be compensated at other 
frequencies to determine the extent to which the method 
may be used. In the example, if compensated at 400 cycles, 
X,/R=0.2, and at 1,800 cycles X,/R=0.9. The resulting 
instrument errors are shown in Figure 2. From these 
curves it will be noted that the error at 10 per cent above the 
compensated frequency is approximately equal to the great- 
est error at lower frequencies, hence it is customary to com- 
pensate at 90 per cent of the highest frequency to be covered 
in the interest of least error. © 

This general approach also allows for the use of curves to 
obtain the capacity values. Figure 3 shows the relation 
between the required capacity reactance at the compen- 
sated frequency as well as the actual capacity for the ex- 
ample cited, both for r/R=0.8. For other resistance ratios 
a family of such curves can be developed giving X,/R for 
various values of X,/R. 


OTHER ERRORS 


T’ THE higher frequency adjustment is made at about 80 
per cent of full scale, it will balance well at other points 
where the inductance is slightly different because of the posi- 
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tion of the moving system. Only in the case of very f 
accuracy requirements—1/4-per cent instruments- 
scale error become a factor. Further, although this ar 

sis is on the basis of maintaining <=R, a high-freque: 
error exists as a current meter, something less than 0.8 
cent per 1,000 cycles for iron-vane instruments, much 
for electrodynamometers. But by actually calibrati 
the impedance is slightly overcompensated to give the sa 
end result. ® 


MULTIPLE-RANGE INSTRUMENTS 


DDING A series resistance multiplier to an insti 
A compensated as described will give an overcomp 
sated result; hence, unless the compensation has been sm 
it is necessary to use individual series resistors, each \ 
its appropriate capacitor for multiple-range instrumen 


FURTHER ANALYSIS 


T CAN BE seen from Figure 1, and can be proved by ar 
I ysis, that the maximum beauties error in such a ec 
pensated voltmeter, below the compensation frequer 
occurs at 70 per cent of that frequency. A formula for: 
error has been derived from equation 8, but expressed 
terms of rand X,. This allows for a rapid calculation of 
maximum frequency error up to the compensated point 
terms of r and X,, each in terms of R. 


xX; 
8r2+-16r+16r0/ 2r— Xq2— 4X2 


Error at 0.7f= 


where f is the compensated frequency. 

Since the ratio of series resistance to total resistance 
usually over 0.8 as required for temperature compensati 
we can assume 7=0.8 in equation 9. This gives result 
errors for various values of the reactance in terms of 
total resistance shown in Table II;, errors of the —_ 
pensated instrument also are shown. 

The errors resulting from various values of both x, i: 
r in terms of R are plotted in Figure 4. Knowing the se 
resistance in terms of the total, and the reactance at the 
sired frequency in terms of the total resistance, an immed 
indication of the maximum frequency error up to some 
per cent above the compensated frequency can be had 
inspection. : 

The importance of shunting the correcting capa 


i 
COC oie aaa 
Pian c 


Figure 3. The relation between Xo and Xz in terms of 
indicated for r/R=0.8; Cis also given for the cited examy 
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‘oss the maximum amount of series resistance also can be 
ted from these curves. For example, when X i/R=05, 
he capacity is across 80 per cent of the total resistance, the 
iximum frequency error is about one-fifth as great as it 
uuld be if shunted across only 30 per cent, assuming in both 
es perfect correction at the compensated frequency. 

It should be noted that this analysis is entirely in relative 
lues; hence it is applicable to all voltmeter ranges. As 
natter of interest, a 150-volt iron-vane or electrodyna- 
meter instrument compensated to 1,000 cycles takes just 
der 0.01 microfarad, a 15-volt range takes 1.0 microfarad 
da 1.5-volt range can be compensated with 100 micro- 
ads! And all ranges, if of the same proportions (that is, 
= same mass of coil copper and turns directly propor- 
mal to the voltage range), will have the same frequency 
ors in per cent. 


Table II. Maximum Frequency Errors for r/R =0.8 
Errors in Per Cent 

Uncompensated Compensated 

(R Instruments Instruments 

BERNA re aed aN Eo Mk GUE ARE REE STR S. Abte. QE 4.2 

En Coa gene ea ee a IES i OI ON SACRE MT corer 2.5 

Me ai niger sitsce sca cee tale fe we Zoho Soto 9 dictnhnicic ewer tes andicnrsenlepea 15 

BETS ear piee See wed laces oahie Ded Mapai Wide) ta aly dapee as 0.78 

TP a ah 2d ie csesynss sts -sie ISS Se 25 aebeain ads chk Py 0.42 

SEE rt orate cok neta Geel LK Rote eters tag, ek ieee to 0.20 

Nn es 0 oN gy oleh to 25) 9! « 9 ue UBC ee ee Ome he 0.08 

ETC rioers sahc's)a ata teins, © a nee ste PNT I OAER Rs, HUA chore ee 0.024 

SRS Pe hk foFo digi) 0: Byala abigoias hays taka. ss Zo ETS OF ee PROC CCAS ee, 0.005 

pha ee ae i aera eee Woe want ¢togk dao emits 0.0003 


LIMITS OF THE METHOD 


N THIS EXAMPLE a standard mechanism was used, with 
moderate loss and normal torque. However, the induct- 
ce can be decreased materially through the use of fewer 
ns on the actuating coils, although this requires more cur- 
at for a given voltage. ‘To some extent this can be bal- 
ced by a reduction in torque to the point where a single- 
age electrodynamometer instrument, for example, only 
thtly subnormal in torque, and taking power somewhat in 
cess of normal, can be designed to be within 0.5 per cent 
full scale on direct current and at all frequencies from 25 
4,000 cycles. 


WATTMETER COMPENSATION 


{ A WATTMETER or varmeter both magnitude and phase 
angle of the current in the potential system are impor- 
it. However, the moving coil of a wattmeter usually has 
rery small inductance and the current magnitude changes 
ty little; the phase angle may shift considerably, however, 
the higher frequencies, and is particularly important at 
y power factor. Phase-angle correction in the moving 
I circuit is obtained when, in equation 2, the 7 factor be- 
mes zero, or when 


Xo 


= (10) 
r+ X, 


This cannot be done while at the same time maintaining 
s correct magnitude, but the fact is that the inductance in 
s moving coil of a wattmeter is so small that the magni- 
le error may be disregarded and correction made only 
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Figure 4. The maximum error up to'the compensated. frequency 
is shown in general terms 


for phase angle even though this does change the magnitude 
a very small amount. In the practical sense this is when 
X;, is less than R/30 and, when this is so, equation 10 may 
be reduced further to the approximate, though adequate, 
equation, 


c=L/? (11) 


This is the equation given in the literature for wattmeter 
phase-angle correction. 


CONCLUSIONS 


ee the use of a rigorous solution of the network of 
a voltmeter, frequency compensated by a capacitor in 
shunt to its series resistance, it has been possible to evaluate 
easily the resulting errors at other frequencies for any given 
instrument. Placement of the data in curve form allows 
for immediate estimate of the error limits for any design 
and indicates those parameters which are controlling to any 
end requirement. Instruments compensated to 1,000 cycles 
are excellent for measurement of bad waveforms at lower 
frequencies, since they properly evaluate the higher har- 
monics. 

With the approach described, an increase in frequency 
coverage of nearly ten is obtained with a given mechanism 
and with the original error limits. This is had at the cost of 
a suitable capacitor, a practical manufacturing procedure, 
and the necessary simplified engineering analysis of each 
design combination. 
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Nondestructive Testing of Generator Insulation 


Ech? OV ey 


MEMBER AIEE 


A-C DIELECTRIC-LOSS TESTS 


ST TECHNIQUES based on dielectric measurements 
Bee operating frequency, originally developed for 
higher voltage insulations, have been applied to the insula- 
tion of generator coils. The volt-ampere requirements 
of the test voltage source may be reduced materially by 
resonating the capacitance of the generator winding with 
a variable high-voltage inductor. 

At operating voltage, the dielectric losses of generators 
rated 11 kv or above are composed not only of polarization 
and leakage losses, but also include appreciable ionization 
losses. Ionization losses result from the breakdown of 
minute voids within the coil insulation. Ionization may 
also occur at the surface of the coil in certain high-stress 
areas unless provisions have been made to reduce the 
stresses in these areas. 

Ionization losses may be separated from the total losses 
mathematically if the assumption is made that the remain- 
ing losses vary with the square of the applied voltage. The 
measurement of ionization toss in a generator is important 
as a measure of the power available to attack the binding 
material in the coil insulation. The energy expended in 
ionization losses over a period of years should give some 
indication of the amount of ionization deterioration. It is 
probable that deterioration from ionization and from 
mechanical stresses incident to the operation of the machine 
acts to increase the number and size of the voids, and 
thereby increases the ionization losses. 


RADIO-NOISE-INFLUENCE-VOLTAGE TEST 


| hgeahiea DATA on ionization is provided by a field 
adaptation of the standard radio-noise-influence- 
voltage test. This test furnishes a check on the voltage at 
which ionization starts. It is also very sensitive to the 
disturbance which is created when a floating conductor 
is charged through a spark. 


POLISHED TIP 


POTHEAD COMPOUND 


INSULATING TUBE 
SHIELDING BRAID 


BAND PASS AUDIO FILTER 


AUDIO AMPLIFIER 


Figure 1. 
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RUBBER COVERED SHIELDED 
SINGLE CONDUCTOR CABLE 


Probe method for locating ionization 
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EF. S. OLIVER 


ASSOCIATE AIEE 


PROBE TEST 


REAS AT which ionization exists can be located wit 
A probe, providing the areas are accessible to the pre 
Removal of the end bells permits probing of the end tu 
The effectiveness of any anticorona treatment appliec 
this area thus is determined readily. Figure 1 includ 
detail of the construction of the probe. . 


D-C TESTS ; 


TANDARD VALUES for the 1-minute resistance of mack 
S insulation have been established and published 
cently.!. The 1-minute resistance reading may be serio 
affected by the time constant of the test circuit compri 
of the capacitance of the generator winding and 
equivalent series resistance of the measuring cire 
including the resistance of the test voltage source and - 
series protective resistors. Based on a winding capacita 
of one microfarad, calculations indicate that the se 
resistance should be ten megohms or less to obtain a reas 
able accuracy for the 1-minute reading. 

Generator insulation shows a marked absorption eff 
The 1-minute resistance is usually much lower than t 
measured near the completion of the absorption eff 
The ratio of the 10-minute resistance to the 1-min 
resistance has been found a very useful index for compar 
results on various generators. The index is particule 
valuable in determining the dryness of the insulati 
The effect of moisture on the index is to lower its value 


CONCLUSIONS 4 
ol Dea VARIATION of d-c resistance with time, the variat 

of dielectric loss with voltage, the radio-noise-influe 
voltage, and the results of the probe examination all ¢ 
useful information for judging the condition of the ins 
tion and are therefore helpful in determining maintena 
procedures. The development of these nondestruci 
test methods gives ample basis 
claiming that knowledge of the 
erating conditions of generator 
sulation has greatly increased dui 
the past several years. . 
this information is sufficient to 


yet awaits the confirmation of ti 
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Routine Insulation Testing of Synchronous Machines 


La - Bo HUNT 
FELLOW AIEE 


ANHE CONTINUOUS operation of large synchronous 
machines and freedom from failures in service is of 
fal interest to every electric utility company. One of the 
ajor causes of unpredicted and unscheduled outage is the 
lure of stator coil insulation. 
About eight years ago the engineers of the Southern 
llifornia Edison Company began to develop a routine 
spection and test procedure which would minimize or 
minate failures of windings in service. The first step was 
develop a procedure for routine physical inspection. 
In addition to the physical inspection, insulation re- 
tance measurements are made of both stator and rotor. 
Records of the conditions found during these inspections 
e kept for all machines so signs of developing troubles 
Il be brought to attention and corrected or an estimate 
n be made of the risk of continuing operations. 
In spite of careful visual inspections, measurements of 
nding resistance, and the maintenance program, some 
lures in service occurred, and it was decided to supple- 
ent the inspections with electrical tests. 
The nature of insulation failures in machine windings 
akes it practically impossible to predetermine the exact 
ne of failure. This condition has long been recognized 
the industry, and effort has been made to discover some 
nple and reliable nondestructive test that would measure 
d show the condition of the winding insulation. 
Before establishing a routine procedure of overvoltage 
ting, or determining the voltage to be used, a review of 
e existing literature on this subject was made, and various 
anufacturers were requested to furnish information con- 
ming available methods of fixing the life expectancy of 
ndings by nondestructive tests which could be made 
the time of overhaul and to comment on the use of an 
nual 150-per cent overpotential test. 
Comments received in 1944 indicated that the manu- 
sturers did not know of any nondestructive tests that 
wuld provide reliable indication that a winding would 
would not fail before the next scheduled outage. Re- 
ated overvoltage tests were not favored generally. The 
jin objection to repeated overvoltage testing was not the 
ssible damage due to application of 150 per cent of rated 
ltage, but rather from accidental sources of misapplica- 
m; that is, from distorted wave form of test voltage, 
fge voltages, or high-frequency voltages that might 
ult from spark gap breakdown or from arcing if the 
nding failed during the test. 
A program of rewinding a number of machines with old 
d doubtful windings gave an opportunity to make field 
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tests to determine what value of a-c test voltage could be 
applied periodically to find weak spots. It was planned 
to make repetitive overvoltage tests on these old windings 
at the time of removal. The results of these tests were 
to be used to establish a satisfactory overvoltage test value 
to be applied to all machines during the annual overhauls 


‘and to determine how many times this voltage could be 


applied without causing measurable deterioration of the 
windings. A proper voltage for such test should be high 
enough to cause failure during test if any spot in the 
winding were seriously deteriorated, but it must be low 
enough not to cause additional deterioration. 

Another object of the tests on these old windings was to 
determine if high surge voltages or high-frequency oscilla- 
tions would be set up either by flashover of the test sphere 
gaps or by breakdown of the winding under test. 

Each time a large synchronous machine was rewound, 
repetitive overvoltage tests and oscillographic records were 
made while the windings were tested to failure. The 
first period of testing extended from 1943 to 1945, and 
information about the behavior of insulation under repet- 
itive high-potential tests was obtained and analyzed. 

From these tests it was determined that a value of 150 
per cent of rated voltage would be satisfactory for an over- 
voltage test to be made on each scheduled overhaul. The 


procedure of routine testing at 150 per cent of rated voltage 


was put in effect in 1945. Experimental testing was con- 
tinued as other machines became available. 

Many tests were made by applying 150 per cent of rated 
voltage to the windings repeatedly and holding this voltage 
one minute each time. The test voltage then was increased 
progressively until breakdown of the windings occurred. 
These tests all confirmed that 1-minute hold tests at 150 
per cent of rated voltage could be applied once each year 
for over 100 years without adversely affecting a good 
winding. Testing at voltages less than 150 per cent of rated 
or for less than one minute are considered insufficient. 

Oscillograph records of test voltages made at the instant 
of spark gap flashover, at the instant of winding breakdown, 
and with manually created arcing grounds were made. 
High-speed records were obtained with a cold-cathode 
oscilloscope and by photographing the cathode-ray oscillo- 
scope trace with a high-speed camera. Other records were 
obtained with a magnetic oscilloscope. ° 

Since the adoption of the overvoltage testing program in 
1945, 56 different large synchronous machines, including 
condensers, hydrogenerators, andturbogenerators, have been 
regularly tested at the time of scheduled outages. The 
maximum number of annual tests on any one machine 
is six. Winding failures have occurred in seven machines 
during routine testing. In all cases repairs were made 
without difficulty and the machines returned to service after 
passing the 150-per cent overvoltage test. 
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Application of Microwave 
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ICROWAVE schan- 
Mi nels promise to be- 

come a vital part of 
the over-all communication 
networks on most power sys- 
tems and in many industrial 
applications.!? However, 
very little has been published 
to date on the practical 
methods of selecting and applying point-to-point micro- 
wave equipment. For this reason, it seems appropriate 
to present a discussion of some of the problems encoun- 
tered in applying microwave channels, along with practi- 
cal data and formulas that have been found useful in 
microwave application. 

The establishment of a microwave channel requires 
consideration of a number of different factors. Among 
these is the selection of the frequency band to be used, the 
selection of the sites for the terminals, the calculation of 
the free-space loss between the antennas, which in turn 
influences the selection of the antenna size, and the calcula- 
tion of other losses such as the loss between the transmitting 
and receiving equipment and the antennas. ‘These and 
other factors will be discussed. 


SELECTION OF FREQUENCY BAND 


ahee FepERAL Communications Commission has as- 
signed various frequency bands in the microwave 
region from 952 to 30,000 megacycles for commercial 
point-to-point service. These bands, not including those 
assigned exclusively for common carrier service, are shown 
in Figure 1. The bands that will be used initially by 
power systems and others will probably be the lower- 
frequency bands, 952 to 960 megacycles, 1,850 to 1,990 
megacycles, 2,110 to 2,200 megacycles, 2,450 to 2,700 
megacycles, and 6,575 to 6,875 megacycles. This is 
explained in part by the propagation characteristics of 
these frequencies as compared with the characteristics of 
higher frequencies. 


952 to 960 Megacycles. Fading is least severe in this band, 
but antennas of a given power gain are larger than for 
higher bands. Several watts of power, more than adequate 
for good signal-to-noise ratio over most practical line-of- 
sight distances with antennas of reasonable size, can be 
generated in transmitters of more or less conventional 
design using crystal oscillators and frequency-multiplying 
stages. The only departure from conventional low- 


Essential text of paper 51-145, “Application of Microwave Channels,” recommended 
by the AIEE Committee on Carrier Current and approved by the AIEE Technical 
Program Committee for presentation at the AIEE Southern District Meeting, Miami 
Beach, Fla., April 11-13, 1951. Scheduled for publication in AIEE Transactions, 
volume 70, 1951. , , 


R, C, Cheek is with Westi nghouse Electric Corporation, East Pittsburgh, Pa. 


500 


Microwave communication is becoming in- 
creasingly important in many industries. Many 
factors must be considered in the establishment 
of a microwave system; 
selection of a frequency band, location of 
terminal sites, and calculation of free-space loss 
and other losses between equipment terminals. 
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frequency practice that: 
required is the use of tuna 
cavities or tuned lines ; 
stead of lumped-constant | 
onant circuits in the f 
‘multiplying stages. Dise-: 
or ‘‘lighthouse”’ tubes, wk 
are similar in their operat 
to conventional tubes, can 
used in the final stages, and therefore the use of klystr 
or magnetrons is unnecessary in this equipment. q 
Solid-dielectric flexible coaxial cable can be used betw 
the transmitter and the antenna with moderate losses 
lengths up to several hundred feet, making it possible 
install all equipment except the antenna indoors at grou 
level. This band is narrower than the higher-freque: 
bands, but its 8-megacycle width can accommodate a la 
number of channels in a given area, particularly if 
advantage is taken of line-of-sight characteristics, ante: 
directivity, and frequency spacing. This band appear: 
be the most promising one for immediate use wher 
small number of multiplexed channels is required. 


1,850 to 1,990, 2,110 to 2,200, and 2,450 to 2,700 Megacy, 
The relatively greater width of these bands suits - 
particularly well to systems using time-division or wide-b: 


they include the 
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800 Figure 1. Commercial point-to 
(fixed operational) allocations i 


microwave frequency spectrum 
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quency-division multiplexing methods, in which a large 
mber of channels per microwave frequency may be 
sd. Many of the advantages of the 952 to 960-megacycle 
nd are retained, although to a somewhat lesser degree. 
ibe efficiencies are lower, but disc-seal triodes have been 
veloped for several watts’ output at frequencies up to 
00 megacycles and may be used over most of these 
ee bands. Crystal-controlled transmitters do not appear 
sible because of the large number of multiplying stages 
juired, and frequency stability becomes an important 
sign and operating factor. Automatic frequency control 
ay be required in receivers, which offsets materially the 
ins in simplicity made by eliminating crystal control of 
= transmitters. Only short lengths of flexible coaxial 
ble can be used, and the rigid coaxial cable or waveguide 
juired for longer distances increases installation expense. 
| alternative is to mount the transmitter proper close to 
> antenna, but this usually is undesirable from a main- 
ance standpoint. Smaller antennas can be used for a 
fen gain in these bands than for the 952 to 960-mega- 
cle band, but large antennas may be required to provide 
equate margin for the more severe fading which can be 
pected in these bands. 

In general, these bands appear best suited for trunk-line 
tallations where large numbers of individual voice- 
quency channels are required between two points. 


6,575 to 6,875 Megacycles. In this band the use of klystrons 

magnetrons is practically required since disc-seal or 
hthouse types are not readily applicable. Enormous 
wer gains can be obtained with parabolas of relatively 
all diameter as compared with those for lower-frequency 
nds, but the rigidity required of the antenna mounting 
th the extremely sharp beams obtained is an important 
nsideration. Waveguides must be used between the 
insmitter-receiver and the antenna unless the distance 
extremely short. Alternatively, the radiating antenna 
n be mounted near the ground and directed upward 
illuminate a 45-degree plane reflector at the tower 
5. However, this system also imposes severe require- 
snts with respect to rigidity of mounting. Attenuation 
e to rain, sleet, and snow becomes noticeable in this 
nd. For example, as shown by Figure 2, a cloudburst 
M cause an attenuation of 1.3 decibels per mile at 5 
Atimeters (6,000 megacycles).* Offsetting this, however, 
the fact that rain of cloudburst proportions is not likely 
be encountered over an appreciable percentage of the 
al length of a channel. Also, fading due to multipath 
pagation and other effects, for which some margin must 
provided in establishing the channel, is most severe 
ring calm atmospheric conditions.*> Therefore, some 
the fading margin can be applied as a safety factor 
ainst rain attenuation. 


SELECTION OF SITE 


INCE MICROWAVE signals do not follow the curvature of 
) the earth, as do signals in the lower-frequency radio 
nds, it is necessary to provide a line-of-sight path be- 
een the antennas, and, as an additional safety factor, 
path clearance of at least 50 feet from all obstructions 
aally is recommended. It has been reported by a 
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number of observers that fading is considerably more severe 
when a grazing or near grazing path is provided than when 
some clearance is available. Over smooth spherical earth, 
the formula 


§2 


=_ +50 (1) 


gives with sufficient accuracy the antenna height in feet 


required at each terminal to give 50-foot clearance for a 


: 
mY 


LTT. 
Ball 


ee 
Nea ENE bl 


2 SSS See alae ie ae 
ic SENS DN eS TN TL 


RAIN ATTENUATION-DECIBELS PER MILE 
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Figure 2. Rain attenuation as a function of wavelength 


channel of length S miles. Table 1 shows typical antenwal 


heights calculated from this formula for channels of various 
lengths. ' Ee 


Table 1. Typical Antenna Heights 


Antenna Height 


Distance in Miles in Feet 
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In the practical case, however, smooth spherical ‘earth 
is rarely encountered, and it usually is necessary to obtain 
topographical maps of the region in question and to make 
a profile drawing of the proposed route. The most con- 
venient method of correcting such a drawing for earth 
curvature is probably to plot the profile directly from the 
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y= 4 (sx-x?) FEET 


ELEVATION, FEET 


b-_____________- CHANNEL LENGTH,S, ae ee 


Figure 3. Method of correcting a profile map for earth curvature 


topographical maps, without..correcting for. curvature, 
and then, as shown in Figure 3, to correct the height 
of the most prominent ridges or other obstructions by the 
equation 


y=5(Sx—x) (2) 


where y is the correction in feet at a distance x miles from 
either end along the total path length S miles. If topo- 
graphical maps are not available for the region in question, 
aerial navigation maps are sometimes obtainable, and these 
provide similar information. 

Usually it is advisable to consider several alternate 
locations of the microwave terminals in an effort to find 
the one which requires the least antenna height. It 
sometimes will be more economical to locate a microwave 
terminal at some distance from the actual point of utiliza- 
tion of the transmitted intelligence, using leased or privately 
owned telephone pairs to carry the information from the 
microwave equipment to the utilization point, rather 
than to locate the terminals directly at that point. 

In any case, after the sites are tentatively selected, it is 


advisable to-survey-the actual locations to make sure a - 


line-of-sight really exists, since there may be some obstruc- 
tion not shown on the topographical maps. 


CALCULATION OF FREE-SPACE LOSS 


“A Bede TRANSMITTERS and receivers are rated in 
terms of the maximum number of decibels of at- 
tenuation through which they will operate successfully. 
This rating is the total attenuation from the transmitter 
output terminals to the receiver input terminals, and its 
calculation must include the loss in coaxial cable at both 
terminals, if such cable is used, as well as the loss of energy 
in free space. The latter loss usually makes up by far the 


greater portion of the attenuation of a channel. The 
basic equation for the calculation of this loss is 

8d \? 
Free-space loss =10 logio = $s? decibels (3) 


in which ), d, and s are the wavelength, the paraboloid 
diameter, and the channel length, respectively, all in the 
same units. An equation better suited for practical use is 


. 


Free-space loss=10 logio 


1s Pe 
PD! 10" decibels (4) 


in which S is the distance in miles, f is the frequency in 
megacycles, and D is the antenna diameter in feet. The 
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nomographic chart of Figure 4 solves this equation fof 
wide range of frequencies, channel lengths, and ante 
diameters. If reflectors of different diameters are used: 
the sending and receiving ends, the equation becomes ; 


1.745 ; 
Free-space loss=10 logio PDPDE 10" decibels | 
The chart can be used for problems involving transmittt 
and receiving antennas of different diameters proyic 


VD, D, is used for antenna diameter in reading the scale 


BEAM WIDTH ' 


Be WIDTH is. usually defined. as the angle belied 
the half-power points of the beam, that is, the an 
between the two coplanar lines along which the ener 
density is half that along the axis of the parabola at - 
same distance. In terms of wavelength and the diame 
of the paraboloid the beam width is given theoretically f 
6=/D radians a 


« 


or i 


6=57.3 A/D degrees 


In practical cases, due to uneven illumination of the 
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Figure 4. Nomographic chart for calculation of a 
asa function of distance, frequency, and antenna diameter. | 
a straight edge on chart between distance and frequency. E 
point of intersection with auxiliary line, revolve straight edgi 
antenna diameter, and read free-space loss on right-hand s 
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>ctor by the dipole, the actual beam width is about 
) per cent greater, or 


=70 4/D degrees (8) 


extremely narrow beams are used, the deflection of the 
utenna supports as a result of wind loading should be 
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igure 5. Losses in RG-8/U, RG-10/U, RG-17/U, and RG-18/U 
coaxial cable as a function of frequency 
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vecked carefully to make certain that the aiming of the 
atennas remains correct within half of the beam width 
ader any wind conditions likely to be encountered. 
laximum deflection at both ends then will result in a loss 
' 6 decibels’ total, but since deep fading is not likely to 
secur under turbulent atmospheric conditions, it should 
9t be necessary to include this loss in estimating the 
iaximum attenuation of the channel. 


COAXIAL CABLE LOSS 


MHE Losses in type RG-8/U and RG-17/U cable at 
. frequencies in the microwave region are shown in 
igure 5. Losses in the corresponding armored types, 
G-10/U and RG-78/U, respectively, are the same. An 
proximate equation for estimating the attenuation of 
r or gas-filled coaxial cable is 


tenuation =0.026+/f/D decibels per 100 feet (9) 


here D is. the inside diameter of the outer conductor in 
ches and f is frequency in megacycles. The attenuation 
‘rectangular waveguide at a frequency approximately 
/ times the cutoff frequency can be estimated by the 
rmula 


tenuation=0.04+/f/b decibels per 100 feet (10) 


here b is the width of the guide ininches. More complete» 
rmulas can be found in references 7 and 8. “ed 


___ FADING LOSS mS 
OME ALLOWANCE must be made for fading of the signals 
J from free-space values. Experience at 960 mega- 


cles indicates that an allowance of one-half decibel 
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per mile for fading is conservative for a path with 50-foot 
clearance. Available data on propagation at higher 
frequencies indicate that an allowance of one decibel per 
mile should be made at 2,000 and 6,500 megacycles.4® 
The calculation of the maximum probable attenuation 
should include this allowance in addition to the free-space 
loss and the terminal losses at each end. 


CALCULATION OF LOSSES OF A 960-MEGACYCLE 
CHANNEL 


Bike CONSIDERATIONS just discussed will be applied in the 
calculation of the total attenuation of a typical 960- 
megacycle channel. The channel is 32 miles long, and the 
terrain requires antenna elevations of 200 feet at each end. 


- From Figure 4; the free-space loss with 42-inch paraboloids 


at each end is 91.1 decibels. The loss in 400 feet of RG-77/U 
cable (200 feet at each end) is 17 decibels. Including a fading 
allowance of 0.5 decibel per mile, or 16 decibels, the total 
attenuation of this channel is 124.1 decibels under maximum 
fading conditions. This is within the 125-decibel rating 
of a typical microwave transmitter-receiver for this band. 
The use of RG-8/U cable would have resulted in attenuation 
in excess of this rating. An alternative would be to use 
RG-8/U cable with parabolas of larger size, but in general 
it is more economical to use the larger cable rather than to 
increase the antenna size, where the necessary reduction 
in loss can be accomplished in this manner: 


ANS N35 8 
Free-space loss =10 log) { —— } decibels (7) 
aD? 


This is an approximation which still does not take into 
account the effective area of the reflectors, as compared 
with the physical area. The effective area depends upon 
the design of the paraboloid and the location of the dipole 
and may vary from 0.5 to 0.8 times the physical area. If, 
in order to be conservative, we use a figure of 0.5 for the 
ratio of effective area to physical area, then equation 7 
must be modified to take this factor into account at both 
ends of the system. Equation 7 then becomes 


8rs \? 
Free-space loss = 10 logy (2) decibeis (8) 
aD? 
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New Electrodes for Inert-Gas Welding Arcs 


J.D. COBINE 


MEMBER ATEE 


ITH THE increased use of inert-gas arc welding, 
especially in automatic welding machines, problems 
of arc ignition and stability become important. New elec- 
trodes much more satisfactory than the conventional type 
have been developed by using the highly refractory oxides, 
thoria and zirconia, in combination with tungsten and other 
materials. The conventional welding electrode is of some 
nonconsumable material, usually tungsten, and starting is 
accomplished either by contact or by a high-frequency 
spark. When spark starting is used, ignition may be quite 
erratic, depending on the previous history of the tungsten 
electrode. If the electrode is cold, the arc may not form 
immediately or at all, and, when formed, it may be ex- 
tremely mobile, with the footpoint moving rapidly over the 
tungsten surface. In an automatic setup, this type of be- 
havior can lead to losses in both time and material. See 
Figure 1. This shows the effect on the work of slow starting 
and arc wander. Also, the welding torch may be damaged. 
With the new electrode, instant starting and a highly 
stable arc are obtained. The arc picks up at lower open- 
circuit voltage and the current ranges are extended. 

In straight polarity inert-gas arc welding, the tungsten 
electrode may serve as either a thermionic! or a ‘‘cold’’?3 
type of cathode, depending on operating conditions. When 
starting is attempted with a cold electrode, evidently an arc 
cathode spot cannot be established unless there is some 
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oxide present. If the arc does start, there are two possibl 
conditions, depending on the amount of oxide present an 
on the electrode current density. If there is sufficient oxide 
the cathode spot will stay on the tip and, if the current } 
great enough, the cathode will become a thermionic emitte 
as its temperature rises. If there is not enough oxide, th 
cathode spot will quickly clean the surface at the spot, the 
wander to new oxide-bearing regions. Since the new elec 
trodes contain an adequate supply of highly refractor 
oxide, these effects are not present. Both the zirconia an: 
thoria can be used as coating on tungsten, or they can b 
used ascores in other metals. In addition, thoria powder a: 
be mixed with tungsten powder to give a sintered electrode 

The open-circuit voltage required for starting with a high 
frequency spark in argon is about 190 volts for pure tung 
sten, whereas for zirconia-tungsten it is only 40 volts am 
for thoria-tungsten only 25 volts. The current range for 
3/32-inch-diameter electrode is about 140 to 280 ampere 
for tungsten‘ and 6 to 375 amperes for thoria-tungster 
For zirconia-tungsten, the range is somewhat less. 

The cathode current density was investigated by photc 
graphing the cathode spot on the electrodes (Figure 2, 
Apparently the thoria-tungsten material acts as a low wor 
function thermionic emitter operating at a temperature be 
low that observed for pure tungsten. The emission pre 
cess for the zirconia-tungsten electrodes takes place at 
higher current density than ac 
counted for by thermionic emissior 

The material consumption rate fo 
electrodes is less than for tungster 
When used in helium, slightly highe 
rates of loss are observed, due to in 
creased heating; and possibly t 
less efficient repression of cathod 
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Figure 1. Normal tungsten electrode used in inert-gas arc welding dott pags 207: . 


Figure 2. Cathode spots on ‘/;-inch-diameter electrodes. 
zirconia-coated tungsten; (C) thoria core in sintered tungsten tube; (D) thoria core 
in copper tube; (E) sintered tungsten thoria electrode 
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(A) pure tungsten; (B) 
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A 2,000,000-Kva Transformer Core 


WeCce SEALE Y 


FELLOW AIEE 


J ‘HE LARGEST 60-cycle transformer core ever made 
# is now in successful operation on a 300,000,000-volt 
etatron at the University of Illinois. If this core were 
ised for an oil-immersed power transformer, windings for 
sontinuous operation at 2,000,000 kva could be placed on 
t. Construction of this core demonstrates the feasibility 
af constructing transformers many times as large as have 
geen built to take advantage of lower cost per kilovolt 
ampere and increased efficiency. . Cores several times as 
arge as this one can be made employing similar construc- 
ion. Shipping clearances limit the size and weight of 
ransformers which can be assembled in a factory and 
hipped to their destination. These limitations can be 
emoved by assembling transformers in the field. 

This core was designed by power transformer engineers 
and assembled in the field under the supervision of trans- 
ormer erection engineers. Since the core operates at 60 
sycles, the mechanical and electrical construction used is 
ypical of the construction required for 60-cycle power 
ransformer cores of the same physical size. The betatron 
s a high-voltage transformer in which the primary winding 
$ a wound transformer core and the secondary winding 
$ a stream of electrons going around in a circle inside of a 
joughnut-shaped porcelain vacuum tube. 

The main core of the 300,000,000-volt betatron is a shell- 
ype transformer core made of 0.014-inch-thick silicon 
steel of transformer grade with a stack height of 75 inches, 
a length of 280 inches, and a height of 154 inches. In- 
sluding the end frames the dimensions are 287 inches long 
Sy 196 inches wide by 212 inches high. The total weight 
of transformer steel in the core is 575,000 pounds. The 
jlanes of the laminations are vertical, in which position 
hey are self-supporting, and construction is similar to that 
ised for large power transformers with circular coils. 


figure 1. The 300,000,000-volt betatron being erected in the 
University of Illinois Physics Laboratory 
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Figure 2. Typical core and coil construction for a 2,000,000-kva 
power transformer 


The steel of the core is clamped between steel end frames 
which hold the core in position and provide a mounting 
for the auxiliary cores of the betatron similar to the mount- 
ing which would be necessary for clamping the coils of a 
power transformer. By the use of a combination of tie 
bolts and jack bolts, the necessity for bolts through the 
core iron with their accompanying hazards is avoided. 

Designs of power transformers to fit in this core have been 
laid out varying from 2,100,000 kva at 15 kv to 1,200,000 
kva for a 230-kv transformer. The coils for such trans- 
formers should be circular discs which provide maximum 
strength of the winding for assembly and to resist short- 
circuit stresses. 

Although the cost of field erection on a per-pound basis 
of material is greater than that of factory construction, the 
saving in weight and improvement in efficiency inherent 
in a larger unit may at a future date make construction 
of larger and heavier transformers an economical procedure. 


Digest of paper 51-2, “A 2,000,000-Kva Transformer Core,” recommended by the 
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Equivalent Circuits of the Shaded-Pole Motor ; 


GABRIEL KRON 
MEMBER AIEE 


QUATIONS AND equivalent circuits are developed 
for the shaded-pole motor, including the space- 
harmonics introduced by the stator windings. Uneven air 
gap, also excitation on the shaded pole, are assumed, while 
_ the parameters include the angle of shift and the ratio of 
turns. The equations and equivalent circuits cover both 
the cross-field and the revolving-field theories. 

The shaded-pole motor,.or a split-phase induction motor 
with one of its stator windings shifted by an angle a (Figure 
1A), is considered here as a standard type of split-phase 
induction motor with its two stator windings at right angles 
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Figure 1. The 
equivalent split- 
phase induction 


motor at standstill 


ras iXqs Xr 
c) REACTANCES OF THE EQUIVALENT MOTOR 
iM ={98-|98 CoT a 


ee 
a SiN G 


Cds =m 


Gas “a-eiyq—em COT iS = 
qs~a SINa &m 2 


l'ds="ds2(!-COT a) 


X's =Xdgotl-COT @)+Xggm 
rgs="qsit "ds: COT*atrgs, COT a (COT a-!) 


X'gs=XqsitXds: COT°a+Xdse COT a (COT a-!) 
z'm?("ds2tiXds2) COT @ 
d) RELATIONS BETWEEN ACTUAL AND EQUIVALENT MOTOR 


2 
TORQUE=REAL OF fer +i * k= cm 
k 
0) 
FUNDAMENTAL 3-RD HARM. 5-TH HARM. 7-TH HARM 


iXmd jx, 


506 


Kron—Equivalent Circuits of the Shaded-Pole Motor 


ds 
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Figure 3, Equivalent circuit of the shaded-pole motor (revob 
ing-field theory) 


in space (Figure 1B) and having three additional complic 
tions: (1) a mutual impedance z,,’ appears between its ty 
stator windings at right angles (Figure 1C); (2) its air g: 
is nonuniform (X,,4 + X,,); and (3) large space ha 
monics are produced by the stator windings, that rea 
upon the squirrel-cage rotor (Figure 2). 

The design constants are calculated by assuming # 
shaded pole to lie first along the axis of the main windin 
then at right angles to it. When the shaded pole lies at; 
angle a in the direction of rotation from the main windin 
its reactances (primed quantities) are found from the ¢z 
culated reactances (umprimed quantities) by the relatio 
of Figure 1D. It should be noted that the rotor and < 
gap design constants are not changed by the angle of shi 

The resultant equivalent circuits, both the revolvi 
field (Figure 3) and the cross-field circuits, including t 
space-harmonics (Figure 2) or without them, are the sar 
as those of a standard split-phase induction motor having: 
uneven airgap. ‘The effect of mutual reactance betwe 
stator windings is to introduce a phase-shifter to rote 
the currents and voltages of one of the meshes, by 90 degre 
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Mathematics in Electrical Graduate 


Education 


E. W. ANDERSON 


{YOR A NUMBER of years I have been concerned with 
H, study of the.course content and the teaching of engi- 

neering mathematics. As a result of this long con- 
nued interest in that gray area between the two extremes 
f pure and applied science, I am firmly convinced that 
ducation ought to be useful. To make such a statement 
jay, at first, seem unnecessary. However, I use the term 
iseful’ in a broad sense and with connotations that I will 
y to define more clearly later. 

First, if graduate education is to be useful, it must satisfy 
ae needs of the student. Some of these needs will be ap- 
arent to him; many, because of his immaturity and lack 
f experience, will not. A great many of his needs will be 
adividual in character, directed toward preparing him 
wr his ultimate professional and civic duties. It is a matter 
f obligation of the faculty to see that all these needs re- 
elve some attention. 

At this point I wish to put in a plea that we think of 
raduate training, particularly at the doctorate level, as 
eing an individual matter. 
ollowing the last war, our 
raduate schools had the two- 
id problem of a large in- 
ux of graduate students and 
dearth of trained staff. This 
esulted in a tendency to treat 
raduate education as a mass 
ducation procedure. Such 
M attitude seems to me to be 
lost regrettable, particularly with regard to the mathemat- 
al aspects of the education of the electrical engineer. 


GENERAL NEEDS 


: ORDER to achieve the goal of useful education, it is 
- neither necessary nor desirable to cast all our engineer- 
1 students in the same mathematical mold. The world 
as need for electrical engineers with widely divergent types 
ftraining. Hence, if we first admit the ubiquity of math- 
matics throughout the engineering field and the close 
lationship between mathematics and electrical engineer- 
ig, there is still a great demand for engineers without the 
ery latest and topmost tools and theories that mathematics 
as to offer. Encourage the man who has a particular bent 
yward mathematics and who seems to show ability to 
anslate his mathematical training into active use to take 
ll the mathematics that time and a balanced program 
ermit. But, in general, it is better to try to meet individual 
eeds by matching the program with a student’s abilities 
nd interests. Not only does the mediocre or uninterested 
udent of mathematics act as a drag on the rest of the class 
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The mathematical training of an engineering 

student should be designed to meet his current 

and future needs. College faculties should con- 

sider carefully the needs which are common to 

all and should stress the importance of applica- 
tion in the teaching of general courses. 


but, in addition, he is probably spending an excessive 
amount of time on preparation, time which might be better 
spent elsewhere. 

While I am firmly convinced of the desirability of the 
approach to graduate training which takes into account 
individual needs, critical investigation shows that there are 
certain broad general needs which are common to all 
graduate and also undergraduate students. Far too little 
faculty consideration is given to these. Even where the 
needs are well known and defined, it is quite common to pay 


‘little attention to the pedagogical procedure by means of 


which they are supposed to be satisfied. 


CURRENT AND FUTURE NEEDS 


A GRADUATE STUDENT must have the mathematical con- 
cepts and abilities necessary for doing the current 
course work. In addition, he must be able to read a certain 
portion of the periodical literature in his field both in the 
present and in the future. An electrical engineering 
faculty needs to be consider- 
ing these matters constantly. 
A study of current needs is 
not particularly difficult. 
Every year in my classes 
of advanced mathematics for 
engineers I ask each student 
to examine critically the ar- 
ticles in one or more of the 
current volumes of the period- 
ical literature of his field. By distributing the various 
journals with some care and by asking the students to list 
the frequency of occurrence of various mathematical topics 
and techniques, one can get a good picture of the mathe- 
matics in use today. This procedure serves a triple purpose. 
First of all, it provides me with a rich source of problem ma- 
terial. In the second place, it provides motivation. That 
is, from the teacher’s standpoint, after a student has noted 
the high frequency of occurrence of such items as boundary 
value problems involving ordinary and partial differential 
equations, Bessel functions, vectors and tensors, hyperbolic 
functions, infinite and Fourier series, complex variables, 
numerical and graphical solutions of equations and differen- 
tial equations, gamma and beta functions, elliptic integrals, 
dimensional analysis, Laplace and Heaviside operations, 
matrices, and statistical and probability procedures, the 
problem of motivation has disappeared. In the third place, 
the frequency study just described offers a great help in 
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determining which and how much of each of the topics 
should be included in the general training program. 

Table I shows the frequency chart with the number of 
articles of a given volume in which an itemized topic occurs 
at least once. These data were collected by graduate 
students who were not yet thoroughly familiar with all the 
items under investigation. Hence, the results must not be 
considered as completely reliable. Nevertheless they give a 
general indication of the frequency of use of the various 
topics. | 

Then comes the more difficult task of predicting the 
future. Where is electrical engineering going? Where will 
it be ten years from now? How much training should we 
give? It is an established fact that the “higher mathe- 
matics” of yesterday becomes the “ordinary mathematics” 
of today. If you do not believe this, compare your own 
training with the training we are offering now. Think of 
the mathematical knowledge we are requiring of our 


ca 


Table I. 


Data Collected by Students of an Advanced Engineering Mathematics Class 


Frequency Chart 


} 


present engineers and compare it with that requi 
20, 30, and 40 years ago. At the turn ‘of the centu 
many electrical engineers were familiar with the th 
elementary differential equaac with ont nur 
with Fourier series? 

It seems to me that because of the extremely dyr ; 
nature of the field, an electrical engineering faculty ou; 
to give frequent consideration to these matters and s 
determine by committees ¢ or otherwise and with the hel 


should not be left entirely to the service departineala . 
usually true that provided with a definition of en 
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mathematician is probably well prepared to supph 
means to the end and often my be safely left to hin 
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this score. 


Number of Articles in Which Topic Occurs 


Diff. Equations 


Ordinary Partial 


Periodical 
Surveyed 


Vibrat., Non-Lin. 


Other 


| Number of Articles Examined 
| Bessel Functions 

| Gamma Functions 

| Legendre Functions 


| Fourier Series 
| Infinite Series 


[ Linear 
Linear 
Other 

| Vectors 

| Tensors 


Graphical Solutions 
Numerical Solutions 
| Line Integrals 


| Integral Equations 
| Fresnel Integrals 


| Conformal Transf. 


| Other 
| Operat. Calculus 


| Matrix Theory 

| Probability 

| Curve Fitting 

| Complex Variables 
| Contour Integrat. 
| Laplace 

| Heaviside 


| Other 


|| Statistics 
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a IMPORTANCE OF TEACHING METHODS 
— his training and pedagogical methods may 
A have a great deal to do with the usefulness of the par- 
ular facet of education which he provides. It is my be- 
f that mathematics courses for the technological student 
yuld be taught with an attitude sympathetic toward 
sir application. I emphasize this with a statement made 
A. N. Whitehead in addressing a British mathematical 
ety many years ago: “Education is the acquisition of 
> art of the utilization of knowledge.” This quotation 
plies that the ability to utilize knowledge is as important 
the knowledge itself; that it is not sufficient to acquire 
soncept or theory. In addition, the student must be able 
use it. Thus, and here I am speaking about courses 
m the freshman level on up, the instructor frequently 
juld tie the mathematics to physical situations in lecture 
d discussion and should give the student opportunities to 
> his theory in the study of simple but realistic problems. 
this regard, however, it is obvious that an instructor can- 
t spend a great deal of time on applications if he hopes to 
mplete the theoretical requirements of an already over- 
rdened curriculum, but, by merely indicating the use 
"a certain topic and by his general sympathy toward 
plied work, he can increase tremendously the interest of 
; students. 

I know that it is quite possible to teach mathematics in 
ms of x and y, A and B, and so forth, with no reference to 
ssible use. For certain types of minds this may be satis- 
story. However, I believe that the ordinary engineering 
ident is apt to minimize the importance of materials that 
* presented in this fashion. He tends to feel that the 
aterial can be left in peace in that special cubicle reserved 
> things of little practical importance. Then a year or 
later he comes up with an apparent lack of mathematical 
ining and complains that the mathematicians have fallen 
wn on the job again. 

Hence, I believe that it is extremely important that 
ithematics courses intended primarily for engineering 
idents be taught by people who have definite physical 
ferests and who are able and willing, from time to time, to 
low through the whole routine of the scientific method as 
applies to the solution of physical problems. This is im- 
rtant at the undergraduate level and is probably just as 
portant at the graduate level, especially in those courses 
lich are in the general-needs category. 

A personal experience will illustrate this point. 
med a course in complex variables. The instructor had 
excellent grasp of the theory but not the slightest interest 
its use. We were given a wonderful experience in mathe- 
tical rigor, but many of the most useful parts of the sub- 
t, those which related particularly to physical applica- 
ms, were either neglected completely or given but a 
ssing mention. The invariance of Laplace’s equation and 
tain types of boundary conditions under a conformal 
msformation was never suggested. Our attention was 


It con- 


t focused upon the most useful types of contour integra- | 


n. Instead we were concerned with pathological ‘cases. 
| admission that there were applications would have been 
lesecration of an art. It was not until several years later 
at I realized how much had been left out of the course. 
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From my own standpoint, that of the applied mathemati- 
cian, I felt that I had been cheated. 


THE PLACE OF PURE MATHEMATICS 


sie THE PRECEDING statements I may seem to have mini- 
mized the importance of pure mathematics and the pure 
mathematician. Such was not my intention. Mathematics 
is a field with ‘‘a glorious past and a dynamic present.” 
The pursuit of knowledge for knowledge’s sake does not 
need justification from me. Mathematical ideas and 
theories developed purely for reasons of intellectual curios- 
ity again and again have been picked up by the right man 
and used to explain physical phenomena. One example is 
the use of the complex number to explain the behavior of 
the alternating current. 

Because of this possibility of the utilization of theory to 
explain physical phenomena, it is important that some of 
our mathematically inclined electrical engineers be given 
every opportunity to delve into the more intricate and 
abstract phases of mathematics. Amongst them may be a 
Steinmetz. 

Then, too, as a general rule the easier theoretical re- 
search problems have been solved. The solution of those 
remaining seems to require ever more extensive mathemat- 
ical knowledge. However, it may be best to look to the 
consulting specialist in mathematics in solving problems 
of this type. 

At this point I wish to indicate again that “higher mathe- 
matics” is a temporal term which, as was so ably said by 
T.C. Fry, ‘“‘means simply those branches of mathematics 
which have not yet found a wide field of application.” 
Also I wish to make the prediction that in the future, con- 
sidering such things as Shannon’s work in the field of com- 
munications and the amount and type of electrical research 
now being pursued, far more training in statistics will be- 
come a necessity. Also I believe that we may look for even 
more need for Laplace and other transforms, matrix and 
tensor theory, complex variables, and nonlinear differential 
equations. 

The general-needs type of course was mentioned earlier 
in this article. At that time I suggested that the electrical 
engineering faculty, either as a. whole or through commit- 
tees, should be continually studying the changing mathe- 
matical needs of its students and then attempting to see 
that these needs are fulfilled. Naturally, in a good many 
schools there will not be a sufficiently large number of 
graduate or combined graduate and capable senior stu- 
dents to justify the offering of such a course for them alone. 
Hence, a compromise has to be effected, and they must be 
enrolled in a course with engineers from other fields. This 
situation is not too serious. Examination of the texts and 
more theoretical periodical literature in the various: engi- 
neering branches shows that there is a great deal of simi- 
larity in-the mathematical subject matter in general use. 
Perhaps the electrical literature is more closely allied to 
the aeronautical than to that of the other fields, but no 
great differences between the literature of the various fields 
of engineering seem to be prevalent. 

Boundary value problems involving differential or in- 
tegral equations subject to. secondary conditions are com- 
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mon to all fields. At some point in his career the student 
needs to be thoroughly grounded in the philosophy and 
procedure of boundary value problem solution. It would 
seem that, in the general sense, no student should escape 
without knowing the roles played by eigen or characteristic 
values, the differences in technique distinguishing the at- 
tack on problems involving ordinary and partial differential 
equations (complete versus particular solutions), some- 
thing about complete function systems, something about 
the advantages connected with picking the right co-ordinate 
system in which to frame the problem, and so forth. 

Of course the twin questions—how many of the tools 
commonly employed in solving boundary value problems 
are to be presented and how sharp each of these tools is to 


be made—must depend necessarily on the amount of time . 


available and the needs of the individual institution. 
One interesting thing about the tools in this category 


such as Bessel functions, Fourier series, and so forth, is that... 


while they provide effective aids for solving boundary 
value problems, they are also included among the more 
commonly used topics needed in the regular course work. 
Thus, while they can be studied as unrelated topics, they 
all can be neatly tied together in connection with the study 
of boundary value problems. 


THE LEARNING PROCESS 


‘Ou subject that is mentioned with some hesitancy con- 
cerns repetition and the learning process. At Iowa State 
College a student has his first exposure to the concept of 
moment of inertia in physics. The next contact comes in 
calculus. Then he meets moment of inertia in statics. 
Yet after three exposures he frequently enters the courses of 
dynamics and strength of materials with but a vague notion 
of the true meaning of moment of inertia. Similarly, many 
of the mathematical topics and concepts appear very 
foreign and difficult to him when he first encounters them. 


Hence, in order that the student become sufficiently skilled: , 


in their use, it may be advisable to allow him several con- 
tacts with some of them. For example, it may be desirable 
to repeat at the graduate level with less superficial treat- 
ment some of the topics studied earlier, perhaps during the 
junior year. 


SCIENTIFIC METHOD 


WIsH TO return once again to something I mentioned 

earlier. This is a method of problem solution which has 
been given various titles but which I called the scientific 
method. When speaking of it, I was thinking of the method 
as it applies to problems of a particular type; for example, 
those which yield to mathematical treatment. However, 
some of what I have to say applies equally well if the solu- 
tion requires logical analyses or experimental techniques. 

Streamlined, the method may be thought to consist of 
three major parts. The first is concerned with the collec- 
tion of data pertinent to the problem, the determination of 
the laws or principles needed for the solution, and the 
translation of these laws into mathematical form. The 
second is concerned with the grinding of the mathematical 
mill, a process necessary to effect a solution. The third is 
concerned with the interpretation of the results. 
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‘establish a practical mathematical ideal; 
-mathematical formulation which will offer some chance ° 


As a rule and with few exceptions, mathematics cours 
deal with tools which can be employed in connection with 
the second part or operation of the mill. Even many oj 
the courses which purport to deal with physical. problem: 
merely follow through processes developed in an earlier era 
by someone other than the student. They are historical ir 
character. Yet, if the education of the student is to be made 
as useful as possible, if he is to develop the ability to solve 
realistic problems for himself, he needs the experience 0} 
going through the whole procedure not once. but again : i 
again. 

It takes long training and practice to develop the nae 
ment needed to sift out the less important factors of 
problem and to develop the ability to make reasonable 
simplifying assumptions: and .approximations. which. wil. 
for example, z 


solution without impairing the results. 

In all fairness it should be admitted that all proba 
involve the elements of the scientific method to some extent 
and, further, that efforts are made to provide the studeni 
with complete experiences in its use. For example, ai 
Iowa State, as in many other institutions, we have one ter. 
minal undergraduate electrical engineering problem: 
course which attempts to do this. The course was put on z 
firm initial footing by the originators and it has been con. 
tinued along the lines originally charted. A series of prob 
lems has been developed which lead the solution-seekings 
student into almost all of the areas of knowledge which he 
has previously met and into many of whose existence he 
did not even dream. / 

However, we do too little of this sort of thing. We fine 
the idea good at the undergraduate level, then drop it a 
the graduate level. As a rule the graduate courses are 
highly specialized and the problems are designed to fit th 
specialty. It seems to me that it might be well to give 
serious thought to the idea of including more of. thes 
broader types of electrical engineering problems courses iz 
our graduate curriculum. ‘ 


SUMMARY } 
it SUMMARY then, mathematics plays an important role ir 
the education of the graduate student. In order to bi 
most valuable, a student’s mathematical training should be 
tailored to his individual needs—both in the immediat 
and long-term sense. Since a large number of his needs are 
common to those of \his fellow students, these commor 
needs probably can be economically satisfied by a set o 
general courses covering carefully selected mathematica 
topics. As a rule, these and other mathematics courses j 
the engineering student become more useful if taught by 
instructors who are trained in, or are at least a 
toward, the field of applications. . 

The content of the general set of courses should be de 
termined through joint agreement of representatives of th 
electrical engineering and service departments after care 
consideration of the present and future needs of the studen 
Faculty, student, industrial, and alumni opinion, as well 


studies of current text and periodical heats, will aid 
determining the course content. 
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Fuses for Resistance Welding Machines 


Cbs LADUM 
ASSOCIATE AIEE 


-NHARACTERISTICS of fuses generally are given by 
A curves in which overload current is plotted against 
he time required to blow the fuse. This relationship is 
ecessary for most applications, but where the fuses are 
alled upon to protect a device which is recurringly over- 
oaded and unloaded, the characteristics are not useful. 
ixamples of a recurring load exist in the resistance welding 
ield where the welding machine draws up to four’to five 
imes its thermal rating during the welding period. Rating 
heets for welders and ignitron tubes*used swith welders 
an best be expressed in terms of current and duty cycle. 
since the welding industry is acquainted with rating sheets 
wf this type, it is desirable to have rating sheets for fuses 
ised in this industry expressed in the same terms. 

In order to prepare a current-duty cycle curve, all avail- 
ible data were obtained from nine major fuse manu- 
acturers. Information was requested on the current 
equired to blow 250- and 600-volt fuses when the current 
luration was 0.1 to 1.0 second. This is the time range in 
which most resistance welding machines are operated. Of 
he nine fuse manufacturers contacted, only four had data 
gn the current required to blow fuses at very short times. 
Of these four, two had only partial information. The 
values that were obtained were widely scattered. 

Since the available data were extremely meager and 

ince an examination of data revealed no consistency from 
manufacturer to manufacturer, it became apparent that no 
iniversally acceptable current-duty cycle curve could be 
nade. 7 } 
Since one curve is impossible to construct, a model 
Jeating-cooling system can be mathematically developed 
which will enable a user to take available fuse charac- 
eristics and make his own curves. From this model 
system it can be shown that 


f= I(DC)/4 (ey 


where J) is the current at which a fuse will blow at an 
nfinite time; J is the overload current passing through the 
use during the weld; DC is the duty cycle, and A is a 
leating constant. It:can be calculated as follows: 


ee te/ty (2) 
log L/In 
where #, and ¢, are two short “‘times’”’ to blow corresponding 
0 the currents J, and . 
In order to complete the necessary curve, the averaging 
ime (¢;) of the fuse must be determined. It can be cal- 
sulated as follows: 


e=ti(Li/Io)4 (3) 


By use of these formulas, a curve similar to Figure 1 can 
se made. In order to check the curve with actual fuse 
wractice, data were gathered on demand current versus 
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fuse rating for both spot and seam welding. On seam 
welders, a 100-ampere fuse is used between 170 and 230 
amperes. Checking this figure against Figure 1, it can 
be seen that the allowable duty cycle for a 100-ampere 
fuse operated at this demand is between 45 and 80 per cent. 
This is approximately the duty cycle at which seam welders 
operate. 
625 amperes for spot welders. Checking this against 
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Demand current versus duty cycle for A=2.2 


DUTY CYCLE (PERCENT) 


Figure 1. 


Figure 1, it can be seen that the duty cycle can be between 
four, five, and eight per cent. This is the duty cycle at 
which spot welders operate. 


CONCLUSIONS 


“1. Fuse characteristics are not standardized; therefore, 
it is impossible to make specific recommendations on the 
applications of fuses to resistance welding machines. 

2. A method has been proposed whereby it is possible 
to take the fuse characteristics of a given manufacturer and 
develop the necessary curve to be able to apply the fuses 
to an intermittent load intelligently. 

3. It has been shown that the results when using the 
proposed method compare favorably with actual practice. 


Digest of paper 51-141, ‘Selection of Fuses for Resistance Welding Machines,” recom- 
mended by the AIEE Committee on Electric Welding and approved by the AIEE 
Technical Program Committee for presentation at the AIEE Winter General Meeting, 
New York, N. Y., January 22-26, 1951. Scheduled for publication in AIEE Tvans- 
actions, volume 70, 1951. 


C. B. Stadum is with the Westinghouse Electric Corporation, Buffalo, N. Y. 
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The 100-ampere fuse is used between 475 and** - 


A Study of the Economics of Power 


Transformer Application 


LE. BARK LE 


MEMBER AIEE 


power transformers for 
generating stations and 
substations requires a detailed 
study of a large number of 
factors. Many economies 
can result from a correct 
choice of transformer type and characteristics; however, 
each application must be considered on its own merits. 
Conclusions reached regarding transformers for one loca- 
tion on a system may not apply on another system, or 
at another location on the same system. 
The purpose of this article is to review some of the factors 
that should be considered in making a power transformer 
application. The major factors discussed are: 


cl Ee SELECTION of 


taken into account. 


-1. Comparison of single-phase and 3-phase_trans- 
formers. 

2. ‘Transformer insulation level. 

3. Types of cooling. 

4. Selection of method of cooling. 


COMPARISON OF SINGLE-PHASE AND 3-PHASE 


TRANSFORMERS 

Naini power transformation can be accomplished 

by a 3-phase transformer or by three single-phase 
units. The 3-phase unit has the advantages of greater 
efficiency, smaller size, and a lower installed cost when 
compared with a bank made up of single-phase units. The 
floor space required for a bank of single-phase transformers 
can approach twice the area required for a single 3-phase 
transformer. The increased bay size necessary for the 
single-phase units can result in a considerably higher 
installed cost when all factors are considered, particularly 
in locations where space is at a premium. This factor 
must be evaluated for each application because space 
limitations will vary between locations. The more 
complicated connections to a bank of single-phase trans- 
formers complicates the bus structure, further increasing 
the installation costs chargeable to the transformers. 

The choice between single-phase and 3-phase trans- 
formers is influenced to some extent by the need for spare 
capacity. When three single-phase units are used in a 
bank, it is possible to install a fourth unit at the same 
location as an emergency spare. However, transformers 
have a proven reliability higher than most other elements 


Full text of paper 51-70, “Economics of Power Transformer Application,” recommended 
by the AIEE Committee on Transformers and approved by the AIEE Technical Pro- 
gram Committee for presentation at the AIEE Winter General Meeting, New York, 
N, Y., January 22-26, 1951. Scheduled for publication in AIEE Transactions, volume 
70, 1951. 


J. E. Barkle and R. L. Witzke are with the Westinghouse Electric Corporation, East 
Pittsburgh, Pa, 
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In order to pick the proper power transformer 

for a certain application many factors must be 

Each transformer location 

on each system must be considered separately 
in the light of these factors. 


Barkle, Witzke—The Economics of Power Transformer Application 
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R. LE. ~WIiTZEE 


MEMBER AIEE 
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of a power system, and fo 
this reason the need for im 
mediately available complete 
spare capacity is often ques. 
tionable. Today 3-phase 
units are used quite generally 
with no on-the-spot spare 
transformer capacity. In these cases parallel or intercon: 
nected circuits of the system may provide emergency ca. 
pacity, or, for small and medium-size transformers, portable 
substations can provide spare capacity on short notice 

The ever-present demand for better service reliability 
and the consequent changes in system design have had < 
major influence on the selection of 3-phase transformers ir 
distribution substations. In many applications, par. 
ticularly in distribution substations serving radial sub 
transmission or distribution circuits, the use of a fourtt 
single-phase transformer as a spare is not considerec 
satisfactory unless several banks are used in the station 
The time required to switch the spare into service manually 
often rules out this method of providing spare capacity. 1 
the spare capacity must normally. be in service, the sami 
spare capacity is required with either single- or 3-phas 
transformers. Py 

Many factors in system design have decreased the de 
pendence on any one transformer bank for maintaining 
service continuity. Examples are the unit system desigt 
in generating stations and the primary network system 
These factors have contributed to the trend toward the 
general use of 3- phase transformers. a — 

Handling and shipping limitations . made it necessar 
to use single-phase transformers for many applications jus 
a few years ago. Transformer developments, including 
improved steel, the form-fit construction, and forcec 
cooling, have contributed to a radical reduction in weight 
and dimensions. Today, all but the very largest rating 
can be built and shipped as 3-phase units. ‘ 


TRANSFORMER INSULATION LEVEL ‘ 


HA bie BASIC impulse insulation levels (BIL) of powe 
transformers having full insulation are given 
column 2 of Table I. These levels should be used unl 
special study shows that a lower insulation level can 
protected adequately against surge voltages. At locatior 
where 75- or 80-per cent lightning arresters can be appli 
close to the transformer, important economies can 
realized by reducing the transformer insulation level c 
class, as indicated by the BIL’s in column 3 of Table 
These applications require a complete study of the tra 
former surge protection. First, it is necessary to estim 
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he maximum dynamic voltages to ground at the trans- 
ormer location during normal and abnormal conditions. 
these voltages should never exceed the rating of the 
ebtning arrester selected. If these studies show that the 
5- or 80-per cent lightning arrester can be applied with 
afety, the second step is to determine the maximum 
ermissible distance between the lightning arrester and the 
ransformer. The data in Table II illustrate the influence 
if the transformer BIL and the lightning-arrester rating on 
he permissible distance between a 138-kv transformer and 
he lightning arresters. These data were taken from 
[ables II and III of a paper by R. L. Witzke and T. J. 


sliss,1 and are based on the following assumptions (see 
‘igure 1): 


1. The transformer is located at the end of a single 
verhead transmission line. 

2. The lightning arrester is connected to the bus 
hrough a T tap with a maximum of 35 feet of lead between 
he lightning arrester and the bus. 

3. The overhead line is of steel-tower construction with 
1 Maximum of ten suspension insulators. 

4. Protection is provided for a 500-kv-per-microsecond 
urge arriving at the station over the overhead line. 

5. Station ground resistance is neglected. 


fable I. Power Transformer Basic Impulse Insulation Levels 


———— 


= 


Transformer BIL, Kilovolts 


System Insulation 
Voltage, Full Reduced 
Kilovolts Insulation One Class 

BEE ey Sei lM Evers x an osvaunes CER Ee Ose 2% SOG fees spaceis Mersin ta.c a teaveasnscere os 450 
PR Peels yeh kre Wea ss Ra eR eons Sc = GSO Pua euasckaravercrs cratic ussonexs 550 
Le ig Reis 66 Ae ee ee fo eae Cape MR Rican A een Fae 650 
7 Soe el a A SOON) oR att anata, 5 By ehoombgahanate 900 
Se Se ee Tae ee eee he ROO ee ous de Ac ace Ske ae 1,050 
(VU 2a ces Gleohe Cvs Bi Ueto ee er ord A 1 aria an Rn, aie 1,300 


Table II. Influence of Transformer BIL and Lightning-Arrester 
Rating on Permissible Distance Between Transformers and 
Lightning Arresters that Might Be Applied on a 138-Kv System* 


Lightning- 
Arrester Maximum 
Transformer Rating, Distance, 
BIL, Kilovolts Kilovolts Feet 
Sele, BU PE Seine en Ane a PA Rec. se its aivih tee «neha oe ace 44 
By San ene, oot AR AR ah Ol ae Wegner oe 133 
SPIE Ieee fd eres ehetav etccdneo a ei aieke dunewaie RI PORE: Fe arreracicfa Grsey i nisitthec of] ote re ascn 45 
TRUER Ree gt cick s Marc One eich) o 60 


* See text for conditions assumed in the preparation of this table. The distances given 
are based on adequate line and station shielding. 


Table Ill. Approximate Relative Cost of 3-Phase 138-Kv 550-Kv 
BIL Transformers with Neutral Insulation Reduced to 15-Kv 
Class 


Transformer Rating in Megavolt Amperes 
SONG ee sais pr ee ee 
100 


Type 20 50 
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The distances in Table II are measured between the 
transformer bushing and the lightning arrester connection 
to the bus (distance sin Figure 1). It will be noted that the 
permissible separation distance is approximately the same 
for the reduced-insulation transformer protected with a 
117-kv lightning arrester as for the 650-kv transformer with 
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Figure 1. Circuit used 
in determining per- 
missible distances be- 
tween lightning ar- 
rester and  trans- 
former 
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a 145-kv ungrounded-neutral lightning arrester, indicating 
that the protection for these two cases is comparable. 
Reducing the lightning arrester rating to 111 kv increases 
the permissible distance from 45 to 60 feet for the case 
involving reduced transformer insulation. 

The relative distances of 133 and 45 feet, for the 650 
BIL protected with a 121-kv lightning arrester and the 550 
BIL protected with a 117-kv lightning arrester, illustrate 
in a definite manner the need for having the lightning 
arrester closer to the transformer when reduced insulation 
is used. 

The savings that result from decreasing the transformer 
insulation level one class on systems operating at 110 kv 
and above are very attractive, and will more than justify 
the additional engineering time required to determine 
whether or not the reduced insulation can be protected 
adequately against surge voltages. Further savings may 
be possible at 230 kv and above by reducing the trans- 
former insulation more than one step. For example, 
the industry is giving consideration to an intermediate 
BIL of 825 kv, which is 11/2 steps below the 230-kv insula- 
tion class BIL of 1,050 kv. Some operating companies 
are satisfied that transformers having this basic level can 
be protected adequately with lightning arresters applicable 
to well-grounded 230-kv systems. The results of the 
investigation reported in reference 1 show that comparable 
protection is obtained with a 100-per cent lightning arrester 
and a 1,050-kv BIL ora 75-per cent lightning arrester 
with an 825-kv BIL. 

The 75-per cent lightning arrester application, how- 
ever, requires special study. 


TYPES OF COOLING 


HE BASIC TYPES of cooling are referred to by the 
following designations: 


OA—Oil-Immersed Self-Cooled. In this type of trans- 
former the insulating medium circulates by natural con- 
vection through external radiators. 


OA/FA—Oil-Immersed Self-Cooled/Forced-Air Cooled. ‘This 
type is basically an OA unit with the addition of fans to in- 
crease the rate of heat transfer from the cooling surfaces, 
thereby increasing the transformer rating. The higher ca- 
pacity which is attained by use of fans is dependent upon 
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the self-cooled rating of the transformer and may be cal- 
culated as follows: 


For 2,500 kva (OA) and below: 

kva (FA)=1.15Xkva (OA) 
For 2,501 to 3,332 kva (OA): 

kva (FA)=1.55Xkva (OA) —1000 
For 3,333 kva (OA) and above: 

kva (F)=1.25Xkva (OA) 


OA/FOA/FOA—Oil-Immersed Self-Cooled/Forced-Oil-Cool- 
_ed/Forced-Oil-Cooled. The rating of an_ oil-immersed 
a transformer may be increased from its OA rating by the 
addition of both fans and oil pumps. These triple-rated 
transformers are, usually built only in ratings of 10,000 kva 
_ (OA) and above. The maximum rating, with all fans 

and pumps in operation, is 1.67 times the OA rating. If 
the transformer is operated at the intermediate rating, 
using part of the fans and pumps, the rating is 1.33 times 
the OArating. Automatic controls responsive to oil tem- 
perature normally are used to start the fans and pumps in 
sequence as the transformer load goesup. This method of 
operation decreases the gradient between hot spots and 
average winding temperature below that ébtained with 
fans and no forced circulation of the oil. 


FOA—Oil-Immersed Forced-Oil-Cooled with Forced-Air Cooler. 
This type of transformer is intended for use only when both 
oil pumps and fans are operating, under which condition 
any load up to full rated load may be carried. Some 
designs are capable of carrying excitation current with no 
fans or pumps in operation, but this is not universally true. 
Heat transfersfrom oil to air is accomplished in external 
oil-to-air exchangers. 


OW—Oil-Immersed Water-Cooled. In this type of water- 
cooled transformer, the cooling water flows through coils 
of pipe which are in contact with the insulating oil of the 
transformer. The oil flows around the outside of these 
pipe coils by natural convection, thereby effecting the 
desired heat transfer to the cooling water. This type has 
no self-cooled rating. 


FOW—Oil-Immersed Forced-Oil-Cooled with Forced-Water 
Cooler. External oil-to-water heat exchangers are used in 
this type of unit to transfer heat from oil to cooling water; 
otherwise the transformer is similar to the FOA type. 


SELECTION OF METHOD OF COOLING 


dane SELECTION of the method of cooling that should 
be used must be based on a complete engineering 
study, each application being considered on its own 
merits. ‘The following factors may have an important 
influence on the choice of cooling: 


1. Selling price. 

2. Loss evaluation. 

3. Installation costs. 

4. Reactive evaluation. 
5. Emergency capacity. 
6. Impedance. 


The most important factor in the selection of the cooling 
method is the selling price of the transformer. Table III 
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illustrates the relative costs of the six major types, based 
approximate selling prices of 138-kv 3-phase transfo ner 
having 115-kv class insulation. The comparison is base 
on transformers having the same maximum continuou 
rating. In each case the selling price of a self-coole 
transformer is used as the base price, with the cost of th 
other units expressed as a ratio to this base price. I 
will be noted that the OA is the most expensive and th 
FOW the least expensive for each rating given. It i 
evident that forced cooling will result in important saving 


and should be considered if the other transformer charac 


teristics are suitable for a given application. ; 4 


Loss evaluation. One of the elusive items that must b 
studied in applying power transformers is loss evaluation 
There still exists in the industry a wide difference c 
opinion in regard to how losses should be evaluated. A 
a complete discussion of this factor is beyond the scope c 
this article, the influence of loss evaluation on the cost c 
the different transformers by varying the capitalized cos 
of losses over a range that might be experienced in practic 
is shown. In this analysis the losses are capitalized ant 
added to the selling price of the transformer, rather thai 
using the alternative procedure of calculating annual costs 

The capitalized cost of losses should include an energ 
charge as well as an equitable demand charge. The curve 


in Figure 2 may be used to determine the first componen 
4 


Figure 2. Chart fe 
estimating capitalize 
cost of losses 


i 
% 
¢ 

Oo 20 40 60 80 O 200 400 600 
LOSS FACTOR— CAPITALIZED COST — , ’ 
PERCENT DOLLARS PER KW | 


OF LOSS AT RATED 
LOAD 


of the charge once the loss factor, energy charge, an 
carrying charge are known. For example, with a 50-pe 
cent loss factor, an energy charge of four mils per kilowa 
hour, and a 12-per cent carrying charge, the ene 
component of the loss is capitalized at $150 per kilowat 
The second component is a function of the addition: 
system investment required to supply the losses durin 
peak load periods. The total capitalized cost of a loss 
taken as the sum of the two components. 

As used in this discussion, loss factor is defined as follow 


Average annual loss 
Loss at rated load 


A 100,000-kva 3-phase 138-kv transformer having 
BIL of 550 kv at the line terminals and 15-kv-class insulati 
at the neutral will be used to illustrate the influence of le 


Loss Factor = 100 per cent 
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able IV. Selling Prices, Loss Products, and Loss Ratios for 
00,000 Kva 3-Phase 138-Kv 550-Kv BIL Transformers with 
Neutral Insulation Reduced to 15-Ky Class** 


Mt nt teaskeproiate 


pproximate 
Selling Price, 
Dollars per Loss L 
Type Kilovolt Ampere** Product atin 
ie 2.48 0.043 
SR Cae SHE erate tol etaraiers eiereke Oe Vvseliee se vas teehee tS 
en BI Are cee. SRG SHece 5 eee 1.5—2.75" 
BUBOA/FOA.............. ce ah tee ETE Ea ae aac steel 1.5—2.75* 
co eee Se ieee ee UESCT/ Cee Ae aioe eae OW OSS teererctorrannrs eee cere 1.22.0 


Based on OA rating. 
Based on 57,000 kva. 


= prices used in preparation of this paper were those in effect during October, 


‘able V.. Comparison of Capitalized Costs of 100,000-Kva 138- 
vy 550-Kv BIL OA and FOA Transformers with Neutral Insula- 
tion Reduced to 15-Kv Class — 


OA FOA 
osses, kilowatts: 
MUM ata Safe Risse sini taahobans BE es) Ot co MOORE Gwc CD iE ats 126.3 
SMSC DINERS Wirt ois igiars ayers <jaree ie coo crersisss cost elena es 41.7 
0 2EE RA eae ee ZBI “Ratoatrc cn Metis sieraitee 467.3 
eactive losses, kilovolt amperes: 
MS SION = Rata iat site(s aa Sl Sh lameness Eb rohaee iol es obatays 1,010 
xX WrDOURS sisica ters fests cece. 11,250 
BOWS Fee ah clters ae tales n.tctoe 12,260 
$400/kw $400/kw 
aSe SRC ROSE wee Mercedes $400/kw 
$200/kw $200/kw 
$7/kva $7/kva 
$247 618 
58,640 


58,640 
60,711 


$425, 609 
. 123,809 


Installation included at 50 per cent of transformer selling price. 


valuation on the capitalized cost of a power transformer. 
Phe essential data for this study are summarized in Table 
VY. The transformer losses can be obtained from the loss 
oducts and ratios as follows: 


er cent iron loss = ~/ Product/Ratio 


er cent copper loss = Ratio X per cent iron loss 
vhere 


oduct = product of per cent iron loss and per cent copper loss 
Xatio =ratio of copper loss to iron loss 


In using these products and ratios, it should be noted 
hat the values are not expressed in tezms of the maximum 
ating of the forced-cooled transformers. For example, 
he loss product and ratio for the FOA design are expressed 
m a base equal to 57 per cent of the maximum rating. 
fo change the base, the loss ratio is multiplied by the 
quare of the ratio of the new base over the old base, while 
he loss product remains the same. Fan losses for an 
JA/FA transformer are included at two per cent of the 
otal loss, and pump and fan losses of the OA/FOA/FOA 
nd FOA transformers at seven per cent of the total loss. 
fo permit generalization independent of the actual fan 
ind pump duty cycles, these losses are capitalized the same 
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as iron loss. In the following discussion, the capitalized 
cost of losses is the sum of the capitalized energy charge 
from Figure.2 and the appropriate demand charge. 

Curve II in Figure 3 shows the influence of the capitalized 
cost of losses on the cost of an FOA transformer. The 
FOA cost is expressed as a ratio to the cost of an OA trans- 
former. In each case the copper-to-iron loss ratio has been 
selected to give the lowest loss capitalization, giving due 
consideration to the limits in Table IV. Curves II, III, 
and IV in Figure 3 are calculated on the basis that the iron 
loss and copper loss are evaluated at the same rate for 
copper loss evaluations of $300 or more per kilowatt. 
For copper loss evaluations of less than $300 per kilowatt, 
the iron loss is capitalized at a constant value of $300 per 
kilowatt. This procedure was justified because variations 
in iron loss evaluation, compared with variations introduced 
by other factors, have a small influence on the cost ratio. 
The points shown on Figure 3 for iron loss capitalized at 
$200 and $400 per kilowatt illustrate the influence of this 
variation. Varying the copper loss evaluation between 
$100 and $400 influences the cost ratio by about 25 per cent, 
indicating the importance of having reasonably accurate 
data on this factor. Curve I, which is based on the selling 
price of the transformer, is included for comparison. 

Installation costs will have an important influence on 
the method of cooling that should be selected for a given 
application. As this factor varies through a wide range 
depending on local conditions, it is not possible to evaluate 
this factor accurately in any general comparison. Curve 
III is based on an installed cost equal to 150 per cent of the 
selling price of the transformer and is included to emphasize 
the importance of including installation costs in making 
comparisons. This is not intended to be any accurate 
comparison, because installation costs vary considerably 
and may be different percentages for each type of cooling. 
Curve III also includes capitalized losses. It will be noted 
that installation costs decrease the spread in the cost ratio 
introduced by variations in the capitalized cost of copper 
losses. 

As the reactance of an FOA transformer is higher than 
for an OA transformer, some evaluation should be placed 
on the reactive requirements of the transformers. Curve 
IV includes this factor as well as installed costs and capi- 


x IRON LOSS CAPITALIZED AT $200 PER KW 
© IRON LOSS CAPITALIZED AT $400 PER KW 
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Figure 3. Capitalized ut 
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Figure 4. Capitalized 
cost of 100,000-kva 
138-kv 3-phase OA/- 
FOA/FOA trans- 
former expressed in 
per unit of capitalized 
cost of corresponding 
OA transformer 
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talized losses. ‘The reactances were taken as 7.5 per cent 
for the OA transformer and 11.25 per cent for the FOA 
transformer. Excitation requirements also are included 
at eight times the iron loss. Curve IV is based on an 
outside figure of $10 per reactive kilovolt ampere. Direct 
interpolation between Curves III and IV is permissible if 
the reactive power is evaluated at less than $10 per kilo- 
volt ampere. The spread between Curves III and IV 
shows that the reactive requirements of transformers have 
an important influence on the cost ratio. 

Figures 4 and 5 illustrate a similar cost comparison for 
the OA/FOA/FOA and OA/FA transformers. 

Table V summarizes the costs included for one of the 
cases plotted in Figure 3. No-load losses are capitalized 
at $400 per kilowatt and load losses at $200 per kilowatt. 
Reactive power is evaluated at $7 per kilovolt ampere in- 
stead of the outside figure of $10 per kilovolt ampere used in 
Figure 3. It will be noted that reactive charges account 
for 16.0 per cent of the total cost of the FOA transformer. 
Actually, if reactive power were evaluated at as high as 
$7 per kilovolt ampere, consideration should be given to 
‘a more expensive, lower reactance transformer. Including 
installation costs at the same percentage for both trans- 
formers may not result in a fair comparison. The installa- 
tion costs may be a higher percentage of the transformer 
selling price for FOA than for OA transformers. 

In stations where on-the-spot spare transformer capacity 
is to be provided, the OA/FA and OA/FOA/FOA trans- 
formers have definite merit. In these cases these trans- 
formers could be operated within their self-cooled ratings 
normally, with the forced ratings reserved for emergency 
conditions, or the triple-rated unit could be operated 
within its FA rating normally, with its maximum rating 
reserved for emergencies. In these applications the losses 
would be evaluated on the basis of the lower normal 
loading, which would be equivalent to using a lower 
copper loss evaluation in Figures 4 and 5. It also would 
seem reasonable to evaluate the cost of the transformer 
reactive power at the normal fractional load, which de- 
creases the forced-cooled/self-cooled transformer cost 
ratios. As an example, consider an 80,000/100,000-kva 
OA/FA transformer normally operated within its OA 
rating, with the FA rating reserved for emergencies. Also 
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Figure 5. Capita 
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» 


assume that copper losses are evaluated at $200 per kik 
watt and reactive power at $10 per kilovolt ampere « 
the transformer location. Following the philosophy di 
cussed, the copper loss would be evaluated at 0.6420 
or $128 per kilowatt in using Figure 4. Reactive cos 
would be evaluated at $6.40 per kilovolt ampere. 3 

The higher impedance of the forced-cooled transforme 
may have merit in locations where the short-circuit kilovo 
amperage approaches the rating of the installed circu 
breakers. On the other hand, this higher impedance ma 
unfavorably influence steady-state or transient stabilit 
limits in certain locations on a system. These facto: 
should not be overlooked in selecting power transforme: 


for specific applications. | 
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Handie-Talkie Portables Used 
for Defense 


ducted in Rockefeller Center, New York City, to study th 
efficiency of personnel and equipment under simulated ai 
raid conditions. The test brought into action a repr 
sentative portion of the Center’s civilian defense plai 


including the use of Motorola frequency-modulated 2-we 
““Handie-Talkie” portable radiophones and Pack Se 
which were recently purchased to permit instantaneor 
contact between points anywhere on the 12-acre develoy 
ment. Plans call for distribution of the sets throughot 
the various buildings, which will enable defense instru 


The recent test marked the first application of a compr 
hensive civilian defense program which was instituted I 
August with the formation of a 6-man civilian defen 
committee for the Center. 
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A Color Television System for Industry 


H. R. SMITH 


AN COMPARATIVELY low-cost nonbroadcast wired sys- 
- &% tem especially adapted to manufacturing, merchandis- 
ag, medicinal, and military fields has been developed 
round the image orthicon pickup tube. 

A field sequential system involving rotating color disks 
yas decided upon since, in the present state of the art, this 
ystem would prove simplest to operate for relatively un- 
rained industrial personnel. Such a system would not 
uffer serious disadvantages imposed on it by present-day 
elevision broadcast standards; also, since relatively small 
nonitors are used, the problems of excessively large motors 
nd rotating disks are not present. 

In order to obtain a flickerless high-resolution presenta- 
ion comparable to that of present-day television studio 
quipment, a 525-line 180-field 3-color system was chosen. 
\n 18-megacycle bandwidth is required to give the desired 
ugh resolution while the scanning frequencies chosen per- 
nit locking the synchronizing generator to the 60-cycle 
power line to minimize hum problems. It is, however, 
till possible to have misregistry since the three color fields 
yccur at different hum field levels. ‘These standards permit 
elatively simple modifications and additions to a standard 
‘amera chain and have the further advantage that all 
notors can be of the synchronous type, thus eliminating 
julky motor speed-controller circuits. Color breakup of a 
ast-moving object is also greatly reduced by means of the 
igh sweep rates. 

The chain consists of the following units: pickup head, 
‘amera control unit, 7-inch color monitor with a removable 
solor wheel assembly, sync generator, and a low-voltage 
ower supply. All units are built-in portable carrying 


Units of the industrial color camera chain 


Figure 1. 


ases, as shown in Figure 1. The pickup head consists of 
wo units, the camera head proper and an electronic view- 
inder displaying a black-and-white picture. The camera 
eatures a lens turret rotatable from the back of the camera 
vith provisions for four lenses. 

A block diagram of the system is shown in Figure 2, and 
ts operation can be traced through from the pickup head as 
ollows: the video signal from the camera preamplifier is 
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simultaneously fed to the viewfinder and to the low-voltage 
supply which acts as a distribution point. From this point 
the signal is fed to the control unit where it is separated into 
its three color components to permit individual color gain 
control. The signals then are recombined and have blank- 
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PICK-UP 
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CONTROL 
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SYNC 
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| > 
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AMPLIFIER 


Figure 2. Block diagram of the color 
camera chain 


VIDEO OUTPUT 


ing, shading, and sync signals inserted. The composite 
signal then is fed to a line output terminal and to the color 
monitor through the power supply. A distribution ampli- 
fier providing five outputs with a maximum gain of two can 
be supplied for distribution of the signal to remote monitors. 

The motors used are geared to their respective color 
wheels through a toothed rubber belt and mounted to per- 
mit manual phasing by rotation of the motor in its mount. 
This setting is made once and usually requires no further 
adjustment. 

The following equation has been successfully used to pre- 
dict the approximate horsepower required to drive a prop- 
erly balanced wheel: 


Horsepower = 1210-1! (rpm)? X (radius in feet)§ 


This is an empirical expression for a synchronous motor; 
a push-button switch is provided for each motor to permit 
manual selection of the correct phase. 


Digest of paper 51-114, “A Color Television System for Industry,” recommended 
by the AIEE Committee on Television and Aural Broadcasting Systems and approved 
by the AIEE Technical Program Committee for presentaticn at the AIEE Winter 
General Meeting, New York, N. Y., January 22-26, 1951. Not scheduled for publica- 
tion in AIEE Transactions. 


H. R. Smith is with Standard Electronics Corporation, Newark, N. J., and A. L. Olson 
and R. F. Cotellessa are with A. B. Du Mont Laboratories, Inc., Passaic, N. J. 
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Germanium Trigger Photocells 


Pease SA Ee 


HE CONVERSION of 
aL radiant energy into 
electric energy for pur- 
poses of measurement and 
control and for the transmis- 
sion and reception of intelli- 
gence has long been a field 
of active study. One of the 
most versatile newcomers to 
the growing list of photoelec- 
tric transducers is the ger- 
manium photocell. 

In general, three modes of operation are attainable in 
these photocells. First, they exhibit both photoconductive 
and photovoltaic effects; that is, with an applied voltage, 
the current is a function of radiation intensity, while in the 
absence of applied voltage, an electromotive force is gener- 
ated by the incident radiation. In addition, a composite 
effect can be achieved, resulting in a trigger cell. Any of 
the three types of characteristics can be emphasized by the 
selective control of factors such as the nature of the ger- 
manium crystal surface. 

The spectral response of these photocells is shown in 
Figure 1. It extends from about 0.6 micron in the yellow 
to a peak at about 1.6 microns in the infrared, and then de- 
creases rapidly to a threshold at about 1.9 microns. ‘The 
maximum efficiency is therefore in the near infrared region. 
The spectral response curve of the eye is shown for com- 
parison, normalized to the same relative height. 

In its simplest form the germanium photocell is a point- 
contact crystal diode, with the conductivity of the contact 
controlled by the incident radiation intensity. The major 
photocurrent is observed with the voltage applied in the 
high-resistance direction; this is generally true in semi- 
conductor photocells. The 777 is a cell of this type for 
which tentative design data have been announced. Its 
operation is characterized by linearity extending to fairly 
high levels of voltage and of intensity. 

In the photovoltaic cell, the electromotive force generated 
by radiation is limited by internal factors to a few tenths of 
a volt, and the electromotive force-intensity curve is conse- 
quently a saturation characteristic, as shown in Figure 2. 


GERMANIUM 
PHOTOGELL 


Figure 1. Spectral 
response of ger- 
manium photocells 
compared with 


that of the eye 
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Trigger cell behavior results from the occur- 
rence of n-type and p-type germanium in the 
same crystal, so arranged that both are in the 
contact circuit. This photocell is especially well 
adapted for use in the field of on-off devices and, 
as its on-current is high enough to develop use- 
ful power in low resistances, it can actuate short- 
time constant computer circuits without pre- 
amplifiers and cathode followers. 
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The outstanding feature c 
this type of cell is its sensi 
tivity to extremely low leve! 
of incident radiation, becaus 
the slope of the characteristi 
is steepest at the low-leve 
end. In approaching th 
threshold, the curve actuall 
is linear over several order 
of magnitude. Intensitic 
down to fractions of a mierc 
watt per square centimeter can be detected readily be 
cause the internal noise level in the absence of applie 
voltage is very low. } 
The third general type of germanium photocell is th 
trigger cell, basically a low-voltage high-current devic 
actuated by infrared light. As shown in Figure 3, th 
current-voltage characteristic is a double saturation cury 
with the level of the variable plateau determined by th 
intensity. These cells are of special interest because < 
their relatively large power-handling capabilities. 


BACKGROUND OF THE TRIGGER CELL 


iene of the type found in trigger cells wei 
studied at Purdue University, Sperry Gyroscoy 
Company, and Massachusetts Institute of Technology som 
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eight years ago in early research on photoeffects in 
manium.! The early observations as well as recent d 
velopments show that trigger cell behavior is the result : 
the occurrence of n-type and f-type germanium in the san 
crystal, so arranged that both are part of the contact circ 
This composite contact structure is illustrated in Figure 
The behavior of composite contacts can best be stu 
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igure 3. Operating characteristic of a typical saturation-type 
germanium trigger cell 
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y a brief analysis of the nature of single contacts involving 
-type and p-type germanium separately. One of the 
asic functions determined by the conductivity type in a 
semiconductor is the rectification polarity of a metal point 
ontact on the crystal surface. The letter designation of 
1€ type, 7 or f, is the sign of the semiconductor for the high- 
onductivity direction. ‘The contact between p-type and n- 
ype portions of a crystal will also rectify, such contacts 
eing referred to as p-n junctions. High current flows 
rhen the applied voltage is positive at the p-type side of the 
inction and negative at the n-type side. Figure 5 is a 
omparative representation of the rectification characteris- 
cs of these contacts. The polarity indicated is that of the 
jetal contact, except for the case of the f-n junction, for 
thich the p-type section is the reference. 

The composite contact is a series circuit containing a 
1etal point contact, a p-type section, and an n-type section. 
the combination behaves as two rectifiers in series opposi- 
on. Because of the relative polarities, each contact 
locks the forward current of the other, so that the net con- 
uction curve consists of the inverse halves of the individual 
haracteristics. This is the double saturation curve found 
xperimentally. . 


ACTION OF LIGHT 


THe BAsic ACTION of radiation quanta absorbed at a single 
ae contact is the release of normally bound 
harges from the valence bonds of the germanium atoms. 
he action is illustrated in Figure 6, which shows the field 
nfiguration for a metal contact on n-type germanium. 
he barrier region is that portion of the semiconductor in 
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which the potential levels curve to meet corresponding 
levels in the metal. Ordinarily, electrons in the semicon- 
ductor occupy positions close to the nuclei of the atoms, 
with energies in the range designated ‘“‘valence-bond band.” 
With the additional energy received from a photon, the 
electron energy may be raised to the range marked “con- 
duction band’’; energy levels in the intervening range are 
forbidden by quantum-mechanical considerations. 
Electrons with energies in the conduction band will move 
under the influence of the barrier field and any external 
field which may be superimposed. The energized electron 
leaves behind a vacant position which is called ahole. Bya 
succession of neutralizations with neighboring valence elec- 
trons, the hole, which behaves as a positive charge, can drift 
within the valence-bond band in the direction of the electric 
field. As a general definition, it can be stated that a semi- 
conductor in which electrons carry the current is n-type, 
and one in which holes carry the current is p-type. In both 
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Figure 5. Rectification characteristic cf metal-p, metal-n, p-n, 

and composite contacts respectively. In the case of the composite 

contact, the barrier in each section blocks the forward current 

of the other so that the net conduction curve consists of the 
inverse halves of the individual characteristics 
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cases, the drift of the photon-energized charges in the field 
constitutes the primary photocurrent. 

As a secondary effect, the conductivity of a metal-semi- 
conductor contact is increased because of the higher concen- 
tration of mobile charges and the circuit tends to draw 
added current from the voltage source. As mentioned 
previously, the major photoresponse is observed in the back 
direction. The cumulative effect at very high radiation 
intensities results in an appreciable reduction in the value of 
inverse voltage at which the rectification characteristic 
breaks down. ‘The peak inverse voltage of an initially low 
breakdown contact can be reduced almost to zero by 
sufficient intensity. 


PHOTOEFFECTS WITH COMPOSITE CONTACTS 


he incident on a composite contact is absorbed 
mostly in the region of the outer barrier. The pri- 
mary photoeffect is a current proportional to the intensity 
and in the inverse direction relative to the outer contact. 
Thus, in the case of the metal-p-n configuration, the photo- 
current will be positive, because for the metal-p-type contact 
the inverse direction is that in which the metal is more 
positive than the germanium. The effect of the photo- 
current on the conduction characteristic is to separate the 
saturated portions of the curve so that the step-shaped 
family of Figure 3 is generated. The slopes of the corre- 


Figure 8. A germanium photoconductive cell, type 1N77, com- 


paring size with that of apen. Trigger cells can be constructed in 
similar form 
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sponding plateaus are seen to be substantially equal 
range of intensity levels in which the photoresponse rey 
a primary effect. Once the radiation-liberated char 
have been swept out of the contact region, further es 
in voltage cannot produce a current increase beyond 

allowed by normal conductivity. The step is quite she 
and represents a voltage change of a few tenths of a volt 

Where the outer contact has the initially low breakdo 
previously mentioned, secondary effects become appr sia 
at operating conditions for which saturation would ot 
wise occur. Instead, breakdown occurs upon the ap 
tion of the radiation beam, and the forward current o 
inner contact flows through the circuit. A curve shi 
this action is illustrated in Figure 7; in the presence 
radiation, the characteristic looks like that of a normal rec 
fier. Current ratios of 30 are obtained in breakdown-t 
trigger cells, while a ratio of 10 can be achieved in 
swing of the plateau for the saturation-type units. 

The basic circuit requirements for best operation of 
these photocells are low voltage and low resistance. A 
sistive load is recommended since some current limniting 
desirable at extreme levels. 3 : 

The general applicability of trigger cells is in the f 
on-off devices. The on-current is high enough to deve! 
useful power in low resistances. ‘Thus the cell can actu 
short-time constant computer circuits directly without 
course to preamplifiers and cathode followers. Its 0 
internal speed of response is so high that interrupted Ii 
can be followed beyond 10° cycles per second, represent 
a square-wave response good to more than 10 repetiti 
per second. The frequency response drops off to some 
tent at intensities of 2 or 3 watts per square a 
where secondary effects become so large that the time la 
appreciable. 

In addition to operating as a relay itself, the germani 
trigger cell can be used to operate an electromechanical 
lay and thereby actuate large-scale systems such as alarms 
motors. Here it-should be emphasized that since thesee 
are operated most efficiently with infrared beams, - 
of signaling or of alarm-system protection is available 

The active area of germanium trigger cells is of the sa 
order as that of the photoconductive and photovolt 
cells, namely, between 10-4 and 10~* square centime’ 
These cells are therefore capable of the same degree 
optical resolution. Also, they can be constructed in 
same general form as the 777, which is shown in Figure 
One hundred of these units can fit into a cross section 0 f 
square inch. A bank of such elements can be utilized 
such complex operations as high-speed pulse counti 
Gas-discharge lamps are excellent sources of pulsed ligh ‘ 
such applications. 

The few general examples which have been given sh 
that the potential uses of germanium trigger photocells 
extensive and varied. Further development will undow 
edly show greater possibilities. 
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New High-Voltage Insulation for Stator Windings 


C. M. LAFFOON 


FELLOW ATEE 


GL, M OSES 
FELLOW AIEE 


a TYPE OF synthetic resin-bonded mica tape 
insulation has been developed for high-voltage 
achine stator windings and is being applied widely to tur- 
he generators. ‘This new insulation has improved physi- 
I, electrical, and thermal properties as compared to 
rlier forms of high-voltage machine insulation. The 
sulation consists of multiple layers of continuous mica 
pe impregnated with a solventless heat-reactive resin. 
The impregnant plays a very important role for it serves 
the mica bond and determines to a large extent the 
echanical and electrical properties of the composite 
sulation. The impregnant developed consists of a resin, 
longing to a class of synthetic resins known as linear 
yesters, which is dissolved in a special heat-reactive 
onomeric resin. This combination of resins can be 
ipregnated easily into the mica tape insulation at ordinary 
mperatures because it is flowing quite freely before the 
polymerizing reaction takes place. After the composite 
sin is in place and heat is applied, the components react 
th each other to produce a cross-linked thermosetting 
lid resin. ‘This final reaction occurs without the forma- 
m of any gaseous or liquid by-products, thus making pos- 
le almost complete filling of the void spaces. The 
pregnating resin has excellent electrical properties. Not 
ly is the power factor appreciably lower than for the 
phaltic compound, but it is also almost independent of 
mperature up to 125 degrees centigrade. The mechani- 
| properties are as important as the electrical properties in 
is application and, therefore, the behavior of the resin 
ider load was carefully investigated. Upon application 
a load there is an instantaneous elastic elongation which 
followed by a gradual further elongation. This behavior 
reversed almost completély when the load is removed. 
lis elastic recovery provides restoring force when the 
sulation is displaced during temperature cycles. 

The mica tape used is bonded with a synthetic resin with 
cellent electrical properties which contribute to low dielec- 
¢ loss and high dielectric strength. The mica tape is 
plied without employing brushing bond between layers 
eh as was necessary with asphalt-bonded tape. The 
mination of the brushing bond makes application of the 
pe easier and the increased physical strength of this tape 
‘ilitates tight application which results in better control of 
slectric quality level. The process requires no multiple 
rermediate impregnations, such as required with asphalt 
pregnant, as all the tape is applied before impregnation. 
ter application of all layers of the mica tape, the coil is 
sed over-all with a Fiberglas tape for binding and finish- 


est of paper 51-121, “A New High-Voltage Insulation for Turbine-Generator 
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FELLOW AIEE 


L. J. BERBERICH 


FELLOW AIEE 


ing. Next the coils are heated and evacuated at high 
vacuum to remove moisture, solvents, and gases. They 
then are vacuum-pressure impregnated with the new 
solventless synthetic resin. After impregnation, the resin is 
cured by heating while there is physical restraint of the 
insulation both on the straight part and the end winding. 
This processing results in consolidation of the insulation and 
reduction of internal voids to an extent never before feasible. 

The physical properties of the new insulation are im- 
proved materially. The increase in tensile strength of the 
new insulation is more than 3-to-1 at room temperature 
and is more than 30-to-1 at operating temperature (100 
degrees centigrade) as compared to the asphalt-bonded 
insulation. Tests on insulation samples were supplemented 
by simulated shock tests on full-size coils as well as short- 
circuit tests on complete windings. ‘These tests confirm the 
greater strength of the new insulation and its ability, when 
properly supported, to withstand expected physical loads 
during normal operation and occasional short circuits. 

An important part of this development consisted of 
studying the effect of differential expansion of iron, copper, 
and insulation. Studies clearly indicated the continued 
creep of the asphalt-bonded mica insulation and the inherent 
stability of the synthetic resin-bonded mica. In no case 
did any observable separation or crack occur in the syn- 
thetic resin-bonded mica tape insulation during tests, where- 
as various degrees of insulation migration and tape separa- 
tion were produced on coils with asphalt-bonded insulation 
under identical conditions. 

The power factor of the synthetic resin-impregnated 
mica insulation is lower than the power factor of the corre- 
sponding asphalt-bonded mica. At operating voltage and 
temperature the power factor of the new insulation is ap- 
proximately one-third that of the older insulation. The 
temperature effect on the power factor of the new insula- 
tion is negligible, but the power factor of asphalt-bonded 
mica rises sharply with temperature increase. 

This new type of synthetic resin-bonded insulation offers 
promise of even greater reliability for high-voltage machines. 
The basic insulation is mica, which has been proved 
through more than 50 years of successful service. The new 
insulation substitutes a solid, yet elastic, bond for the rigid, 
brittle shellac bond and the plastic semiliquid asphalt bond 
previously used. It makes available the good intrinsic 
dielectric properties of mica to a greater degree than was 
obtainable heretofore. ‘The insulation wall possesses the 
inherent ability of accommodating itself to the deformation 
resulting from differential thermal expansion of iron, copper, 
and insulation. The new insulation bond possesses greater 
physical strength than the inherent interlaminar strength of 
mica itself. The resin bond and processing technique re- 
sult in improvement in dielectric characteristics such as 
power factor, dielectric strength, and voltage endurance. 
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- 69-Kv Medium-Pressure Gas-Filled Cable 


H. W. CLARK 


FELLOW AIEE 


OAD GROWTH in 1947 in the Washington, D. C., 
L area necessitated starting construction of a generating 
station in Alexandria, Va., approximately four miles south 
of the territory served by the Potomac Electric Power 
Company. The ultimate capacity of this station is five 
80,000-kw 85-per cent power factor machines to be placed 
on the line at approximately 1-year intervals. Intervening 
air fields and park territory rendered overhead transmission 
impractical and the problem became one of underground 
cable. For economical reasons, it was decided to install 
cable capacity for each generator as it became available. 

As a basis for determining the type of cable to be used, 
studies were made at 115 and 69 kv using as a unit the 
delivery of 90,000 kva at 75-per cent load factor and 
25 degrees centigrade earth ambient to the Pentagon area. 
Considered from the viewpoint of the initial installation 
only, a pipe-type cable at 115 kv was the most economical 
of all cables considered. However, this saving would be 
offset by the cost of additional pipe and excavation for 
future circuits. 

Further, the narrowness of the available right of way 
would not permit adequate spacing of the pipes for heat 
dissipation and transmission at 115 kv would require trans- 
formation costs to tie into the existing 69-kv system. For 
some of the same reasons, the study at 69 kv resolved itself 
into the consideration of two 3-conductor cables each 
rated 45,000 kva, conduit for the ultimate capacity to be 
constructed initially. ‘The first cost of low-pressure oil- 
filled cable was slightly less than that of medium-pressure 
gas-filled cable but this would be offset by the heavy outlay 
of labor and high operation and maintenance costs. A 
medium-pressure gas-filled cable having 600,000 circular 
mils, compack sector conductors, and a neoprene jacket in 
place of the conventional outer lead sheath, was adopted. 
The inner lead sheath under compression of the reinforcing 
tapes would have a life of three to five times that of an outer 
lead sheath. Failure of this outer sheath from bending or 
corrosion would permit galvanic action between the re- 


Figure 1. Cross section 
of cable 
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we 


inforcing tapes and the inner lead offsetting its added lif 

In the event of the passage of some moisture through th 
neoprene jacket, it would be filtered or become gaseor 
and therefore harmless. ‘The neoprene jacket exhibits r 
fatigue under bending with the result. that bending rac 
are figured on the diameter of the inner lead sheath p 
mitting a reduction in the size of the manholes. A fin 
advantage of the neoprene-jacketed cable is its light 
weight. In the final design asbestos-neoprene tape and 
neoprene-filled tape were placed over the lead sheath as 
second line of defense against galvanic action. 

Except for added insulation the body of the cable join 
is of the same type as that employed for low-pressure ga 
filled cable. Crepe paper is used for the insulating mediur 
The spun copper casing has no external tubing, a speci 
fitting being provided to permit the reading of the differe 
tial gas.pressure in the adjacent joint. At each end of t 
joint a special seal is built up from beyond the end of . 
neoprene jacket to the joint casing. 

The cable is terminated. through a:spun copper: pie 
spreader to single-conductor 115-kv terminals. Gas 
supplied through a manually operated pressure regulat 
to the spreader. 

The conduit line consists of two 4-way duct lines, 6 fe 
91/, inches on centers, made up of 5-inch thin wall Transi 
ducts enveloped in concrete. The ducts are brought in 
the 4-foot by 15-foot manholes in such manner that 1 
manhole will contain more than two cables and neither 
these cables will supply the same terminal station. Throu; 
a stretch of approximately 8,900 feet, soil conditions we 
such as to render a conduit line impractical. Submari 
cable in 1,100-foot lengths was installed anchored in ma 
holes which are permitted to float. ’ 

No particular difficulty was experienced in pulling # 
cable into the duct. For lengths approximating 600 fe 
the coefficient of friction varied from 0.365 to 0.474. T 
minimum bending radius of the cable in manholes is | 
inches which results in an offset of 30 inches. North of t 
Pentagon area, 1,840-foot lengths of cable are installed 
Transite trays in the gallery of bridge crossing the Potom 
River. Use of rollers on 5-foot spacing maintained 
pulling tension at a safe level. é 

Four cables are in service operating at a gas pressulll 
43 to 46 pounds per square inch. Two have been energiz 
in excess of a year and have given no evidence of troul 
or excessive movement. They have carried loads , 
48,000 kva, which load will be reduced as future cireu 
are added. Temperatures are not excessive, the 
mum empty duct temperature being 37 degrees centigra 
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A Hook-On Power Factor Meter 


A.J. CORSON 


MEMBER AIEE 


NTEREST in extending the hook-on technique to 
measurement of 3-phase power factor has resulted in 
= development of a hook-on power factor meter. Pre- 
juisites were light weight, simple operation, and wide 
nge (0 to 1.0 power factor lead and lag, 100 to 600 volts, 
to 600 amperes). 
Power factor is usually measured by a phase-sensitive 
flecting instrument of the crossed-coil or moving-iron 
pe. Such instruments, however, are limited to a small 
easurement range. This limitation was overcome by 
opting a null principle of operation. The resulting ar- 
ngement (Figure 1) consists of a null-reading watt- 
lvanometer and a calibrated cross-phase variable resistor. 
wer factor is measured by hooking around one conductor, 
nnecting the potential leads, adjusting the variable resis- 
r until the watt-galvanometer reads zero, then reading 
e power factor on the calibrated variable-resistor dial. 
The power factor range and calibration are established as 
lows. Null balance of the galvanometer requires quad- 
ture relationship of moving-coil current and field flux or 
e current. In Figure 1, the potential circuit voltage 
ctor is the resultant sum of line voltage AB and part of 
¢ voltage BC—depending upon the variable-resistor 
tting. ‘The angle of this vector and, therefore, of the 
oving-coil current vector is adjustable by the variable 
sistor over 60 degrees. It follows that there is associated 
ith each of the three line currents a particular angular 
nge of moving-coil current which allows galvanometer 
lance. A dial, calibrated in power factor for these three 
nges, is attached to the linear variable resistor. The 
al calibrations are derived trigonometrically from the 
ctor relations. For example, for the 0.5 to.1.0 lagging 
wer factor range, the fraction k of the full variable resistor 
tation, in terms of power factor angle 8, is 


sin 0 
oe 1 
sin (120°—@) (1) 


The galvanometer sensitivity is derived from funda- 
ental electrodynamic wattmeter principles and the 
ctor relations of Figure 1, as 


V 1-k+F (2) 


‘sin [Reg +(k—#)R,] 


ere, S is galvanometer deflection in radians per unit 
wer factor per line volt-ampere divided by the effective 
Ivanometer constant. This constant includes the trans- 
mer ratio. R,, is the equivalent transformer impedance 
ohms with the galvanometer burden. AR, is the total 
riable resistance in ohms. 

Careful identification of leads and scales is necessary 
‘ensure a correct interpretation of the power factor 
ading. The power factor reading is obtained on the 
ale identified by the letter corresponding to that of the 
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BALANCED 


UNDER 
MEASUREMENT 


MAGNETIC HOOK ae Naas 
ENCIRCLING ONE 1 O\ 
CURRENT CARRYING | we 
LINE CONDUCTOR pees 
/ / 
x 
of 


MAGNETIC CORE 
FOR MOVING COIL 


GALVANOME TER 
MOVING COIL 


NORMALLY CLOSED 
LAG-LEAD 
DETECTOR SWITCH 


INDUCTANCE FOR 
LAG-LEAD DETECTION 


TRANSFORMER WITH 


TAPPED SECONDARY 
CALIBRATED 


VARIABLE RESISTOR 


“LINE VOLTAGE 
CLIP LEADS 


See oe om ee ae eos, 


Figure 1. Schematic connection diagram of the hook-on power 

factor meter. Power factor is measured by snapping the hook 

around one conductor, connecting the potential leads, turning 

the variable resistor until the wattmeter reads zero, then reading 
the power factor on the calibrated variable resistor dial 


hooked line. If the phase sequence is known, and the 
potential leads are connected in direct sequence, the red 
and black scale colors indicate leading and lagging power 
factor respectively. If the phase sequence is unknown, 
the value of power factor is obtained by the same method. 
This may be a leading or lagging power factor and can be 
identified by the means shown in Figure 1. When the 
lag-lead detector switch is opened, the series inductance 
produces a known phase displacement of the moving-coil 
current and causes the galvanometer to deflect. Galvan- 
ometer balance is restored by turning the power factor dial. 
Lagging or leading power factor is indicated by a higher 
or lower reading respectively. The lag-lead identification 
circuit also provides for determination of phase sequence 
by noting the color of the scale on which a power factor 
measurement and a lag-lead determination were made. 

The resulting instrument has an initial accuracy of 0.01 
to 0.05 power factor, and only minor errors result from 
such factors as voltage and current variations, incomplete 
hook closure, and frequency and temperature change. 
The meter is sufficiently sturdy to withstand the shock and 
abuse expected for this type of portable service instrument. 
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Effects of Lightning-Arrester Characteristics 


and Location upon Protection 


MEMBER AIEE 


O STUDY some ef- 
Dei of lightning-ar- 

rester protective charac- 
teristics and location on sta- 
tion apparatus protection, 
valve lightning arresters of 
97-kv rating and various ca- 
pacitors were connected to 
one end of a 1-mile test line. An impulse generator was 
discharged into the other end. This circuit was used to 
simulate 115-kv station equipment connected to a line with 
one mile of overhead ground-wire protection. 

Relative protection afforded by lightning arresters of 
different discharge voltages singly and in combination was 
studied. The transformer was always represented by a 
3,100-micromicrofarad capacitor.! Accessory equipment 
(circuit breakers, and so forth) was represented by 213- 
and 1,000-micromicrofarad capacitors. The test surge 
was a full wave of crest value slightly below that which 
would spark over representative 115-kv line insulation. 


TEST METHOD 


He IMPULSE generator was discharged into a 1-mile 
test line of 4/0 steel-reinforced-aluminum-cable con- 
ductor. At the receiving end of the line, valve lightning 
arresters were used to protect various combinations of 
capacitors representing a transformer and _ accessory 
station equipment under surge conditions.! This test 
was used to represent a surge entering a 115-kv station over 
a line with one mile of overhead ground-wire protection. 


Figure 1. 97-ky 
lightning arrester 
connected for test 
with impulse. gener- 
ator in background 


Figure 1 shows a 97-kv lightning arrester connected for 
test with the impulse generator in the background. 

With the line terminated in its characteristic impedance 
of 450 ohms, the surge delivered into the line was negative 
650 kv, 0.4x 20 microseconds, representing a surge which 
would not flash over the 115-kv insulation at the end of 


524 


J. W. KALB 
| > 
i 


The purpose of this investigation was to study 
the protection provided by lightning arresters 
of different protective ability located various 
distances from the protected apparatus. 
titative correlations of basic impulse insulation 
levels and surge voltages are not considered. 
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vs 


ground-wire protection. 
the receiving end the sur 
was attenuated and —_ 
to 590) “kv, -S02h 
seconds. ‘This represents t 
surge arriving at the stati 
before being modified — 
line’ termination, lightni. 
arrester, and various station capacitances. Figure 
shows the front of this wave. 7 
For comparison, all voltage values are referred 
front-of-wave spark-over at the AIEE rate of the 97- 
Thorex, Type GP-97, lightning arrester (298 kv) as 1 
per cent. During the first few microseconds that — 
impulse wave is impressed across a transformer, the i 


Quan- 


Figure 2. Surge of 590 
at “station” end of 1-m 
test line, with line ter 


nated in 450-chm che 
teristic impedance 
. 
So fees 2 4 6 810 ; 
MIGROSEGONDS e 
es a ’ 


portant electrical characteristic is the line-to-grot 
capacity of the transformer.! A 3,100-micromicrofai 
capacitor was used to represent the transformer and ¥ 
be referred to as the “transformer.” 

The representation of a transformer under surge c¢ 
tions by a capacitor probably would result in greater vc 


age oscillations than if a 115-kv transformer had b 
used. 4 AS 


Full text of paper 51-63, “Some Effects of Lightning-Arrester Protective Characters 
and Location upon Station Apparatus Protection,” recommended by the AI LE ( 
muttees on Protective Devices and Transmission and Distribution and approved by 
AIEE Technical Program Committee for presentation at the AIEE Winter G 
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gure 3. Lightning-arrester voltage and current with and 
_ without 3,100-micromicrofarad “transformer” in parallel 


"EFFECT OF TRANSFORMER ON CURRENT 
ae transformer capacitance tends to decrease 
A the slope of an incoming voltage surge, its effect on 
shtning-arrester discharge current may be the opposite. 
he transformer capacitance is charged tolightning-arrester 
ark-over voltage and then discharges through the 
shtning arrester at a rate of current rise which may 
ceed that obtained had the lightning arrester been 
mnected to the line by itself. 
Figure 3 shows voltage and current oscillograms taken 
ith the line terminated by a 97-kv lightning arrester 
one and the same lightning arrester and a 3,100-micro- 
icrofarad “transformer” in parallel. The total lead 
ngth between the lightning arrester and the capacitor 
presenting the transformer was five feet, the minimum 
ible length considering difference in height between 
e lightning arrester and capacitor. The voltage divider 
as connected directly across the lightning-arrester termi- 
us. The voltage and current measurements of Table 
taken from these oscillograms show quantitatively the 
fect of the “‘transformer” in increasing the rate of current 
through the lightning arrester and its voltage. 


; 


EFFECT OF SPARK-OVER VOLTAGE 


MARGIN of protection afforded by lightning-arrester 
spark-over voltage is often greater than that of the 
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discharge voltage. Therefore the discharge voltage is 
frequently considered as more important when establishing 
lightning-arrester protection practice. However, in the 
protection of station equipment against incoming surges 
the spark-over voltage controls this discharge voltage to 
some degree by controlling the voltage to which the 
capacitance of the protected apparatus is charged. To 
study this effect, tests were made with the line terminated 
by the 3,100-micromicrofarad ‘“‘transformer” in parallel 
with different 97-kv lightning arresters. These were: 
a normal 97-kv lightning arrester, 97-kv lightning arresters 
with gap elements having 110 and 120 per cent normal 
spark-over voltage, and a 97-kv lightning-arrester valve 
element with no gaps. As in the foregoing tests the 
minimum possible lead length of five feet was used to 
connect the lightning arrester and capacitor. Table II 
shows the effect of varying series-gap spark-over voltage 
upon crest lightning-arrester discharge voltage. 


EFFECT OF SEPARATION AND LEAD LENGTH 


HE FOLLOWING test results confirm what others** have 

found in more detailed studies: lightning-arrester 
lead length and separation should be kept to the minimum 
for best protection. 

A normal 97-kv lightning arrester protecting the 3,100- 
micromicrofarad “transformer” allowed the crest voltages 
shown in Table III. 

Figure 4 shows oscillograms of ‘‘transformer’” voltage 
with the lightning arrester at the “transformer”? and with 
the same lightning arrester separated 50 feet, with 30-foot 
down leads. Voltage peaks of this type are naturally not 


Table I. Effect of the Transformer 
Lightning Arrester 
97-ky Lightning and Transformer 
Arrester Alone in Parallel 
Crest lightning-arrester voltage,* per cent......... DS xcclos tee 123 
Crest lightning-arrester current, amperes.......... 7A Ss eae €fiticy.> 05 2,410 
Effective rate of current rise (10-90 per cent), 
kiloamperes;pér MicroseCond «2 ¢sisn< 5 sce pcs.s' ple sh Le Ole eee eee 4.4 


* Per cent of 298-kv front-of-wave spark-over voltage of Thorex GP-97 lightning arrester 


Table Il. Effect of Spark-Over Voltage 


Crest Lightning- 


Arrester Discharge Table VII 

Voltage,* Per Cent Test 
97-kv lightning-arrester valve element alone (no series gap)..114............-. 30 
Normal 97-kv lightning arrester............eeeeseceeeees V2B sl Sareea erat 1 
Impulse spark-over voltage 10 per cent above normal...... Ve Bes renounce 31 
Impulse spark-over voltage 20 per cent above normal...... DBZ i it Sete 9 oth 32 


* Per cent of 298-kv front-of-wave spark-over voltage of Thorex GP-97 lightning arrester 


Table III. Effect of Connection and Lead Length 


Lightning-Arrester Crest ‘‘Transformer” Table VII 
Connection Voltage,* Per Cent Test 

[AE Stramsformmel? sce iee cnt store ole. teae peetein = inlet fies Site F aie into 123); cn eqawies eee 1 
LA=foot separation sess Piles <jelasia so ste b eteine dpa Svs Oe vial 130%... 5 eee in ee 7 
10-foot T connection 

5O-foot separation’. rss. 2 ts->s «xen miay asiiale isle ve1ecutie LATS cc ap aie Bob rate oe 10 
30-foot T connection 

5O-foot separations. 26.0 slmaracenusisaeacenetes wie pO OR rar eT 13 


30-foot V connection 


* Per cent of 298-kv front-of-wave spark-over voltage of Thorex GP-97 lightning arrester. 
Note that for these particular tests the V connection showed no benefit over the T 
connection. 
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Figure 4. “Trans- 
former” voltage 
with lightning ar- 
rester at the “trans- 


former” and with 
the lightning ar- 
rester 50 feet ahead 
of the “trans- 
former” with 30- 
foot down leads 
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as severe on all forms of transformer insulation as longer 
waves of the same crest value.«7 For major insulation, 
however, its severity is about as great as for longer waves. 


EFFECT OF LOWER DISCHARGE VOLTAGE 


ESIDES THE normal 97-kv lightning arrester, special 

lightning arresters with 7 and 12 per cent of the valve 
element removed also were tested. These represented 
97-kv lightning arresters of 93- and 88-per cent normal 
discharge voltage characteristic. 

When connected directly across the 3,100-micromicro- 
farad “transformer” their crest voltage was proportional 
to the valve element as expected. That is, those with 
partial valve elements allowed crest discharge voltages of 
about 7 and 13 per cent less than the normal lightning 
arrester. See tests 1, 2, and 3 of Table VII. 

When these special lightning arresters were separated 
from the “transformer,” the crest voltage at the “trans- 


Table IV. Protection With Two mae eens Arresters 
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former” quickly exceeded that obtained with a norm 
lightning arrester connected directly at the “‘transformet 
Figure 5 shows the crest voltages at the 3,100-micromic 
farad “transformer” as a function of lightning-arres 
discharge voltage characteristic for different lightnir 
arrester separations and lead lengths. These are te 


1, 2, 3, 7, 8, 9, 10, 11, and 12 of Table VII. } 
, i 
PROTECTION OF EQUIPMENT H 


W™ ONE lightning arrester at the “transformer” a 
a second lightning arrester ahead of them, t 
transformer surge voltage was reduced. However, w 
the second lightning-arrester separations studied (15 a 
50 feet) the transformer lightning arrester still dischat 
the heavier current. a 
Most effective use of the second lightning arrester 
reducing transformer voltage was to use it in parallel w 
the other lightning arrester at the transformer. This 
equivalent to a single lightning arrester of about 13-p 
lower discharge voltage in protective ability. Curre 
through the two parallel lightning arresters were 
stantially equal in crest value and wave shape. 
Table IV lists crest “transformer” surge voltage wi 
PEatenses by normal 97-kv lightning arresters, one at 
“transformer” and the second at the location shown. | 
Using the circuits of Figure 6, tests were made 
study the effect of a lightning arrester at the access 
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uipment on the protection of the transformer. In 
sure 6A the lightning arrester was connected directly 
ross the capacitor. In Figure 6B it was connected ahead 
the capacitor by a 30-foot down lead. Figure 7 shows 
= crest voltages recorded at the “‘transformer” for values 
213 and 1,000 micromicrofarads for the accessory 
uipment and a 97-kv lightning arrester of 100, 93, and 
per cent of normal discharge voltage characteristic. 
1ese are tests 18 through 29 of Table VII. In no case, 
en with the lightning arrester of 88-per cent discharge 
ltage characteristic, was the crest “transformer” voltage 
low as with a normal lightning arrester at the trans- 
rmer. Figure 8 shows oscillograms of voltage at the 
ution entrance and “transformer”? with accessory equip- 
ent capacitance of 1,000 micromicrofarads. 
With the circuit configuration of Figure 9A and a 
mal 97-kv lightning arrester at the “‘transformer,” the 
est voltages of Table V were recorded. These voltages, 
en at the accessory equipment, were all below those 
own on Figure 7 for the same capacitance and circuit 
wt with the lightning arresters at the station en- 
ance. Voltages are apparently the same for either value 
“accessory equipment capacitance. The crest ‘“‘trans- 
rmer’’ voltages from Table V are shown on Figure 7 for 
ymparison. Figure 10 shows oscillograms of voltage at 
fe accessory equipment and “transformer” with ac- 
ssory equipment capacitance of 1,000 micromicrofarads. 
With the circuit of Figure 9B and normal 97-kv lightning 
resters at both the “transformer” and accessory equip- 
ent, the crest voltages shown in Table VI were recorded. 
Figure 11 shows oscillograms of voltage at the accessory 
juipment capacitance and “transformer,” with accessory 
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equipment having a capacitance of 1,000 micromicrofarads. 

Comparing these voltages with those of Table V shows 
the benefit obtained in reduction of crest surge voltage by 
the addition of a lightning arrester at the accessory equip- 
ment. Voltages are apparently the same with 213 as 
with 1,000 micromicrofarads. 

These tests confirm that in the protection of station 
equipment against incoming surges, lightning arresters 
should be located near each transformer. Additional 
lightning arresters at accessory equipment are of consider- 
able benefit, but without lightning arresters at the trans- 
formers they may be inadequate. 

The voltages considered in this study are crest voltages 
of relatively short duration, and their relative magnitude 
may not be an infallible indication of the relative severity 
of the various voltage surges with regard to all aspects of 
equipment insulation.47 However, they should indicate 
the relative protection afforded major insulation by the 
different lightning arresters and connections studied. 


SUMMARY AND CONCLUSIONS 


fs DISCHARGE voltage of a lightning arrester connected 
near apparatus such as a transformer may be higher 
than that based upon the lightning-arrester characteristic 
and the magnitude and wave shape of the incoming surge 
alone. This is because the capacitance of the apparatus 
adjacent to the lightning arrester is charged to lightning- 
arrester spark-over voltage and then discharges through 
the lightning arrester at an initial rate of current rise 
which may exceed that of the incoming surge, while con- 
currently the incoming surge front continues to arrive. 
Care should be used when applying field data on rate of 
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Table VI. Crest Voltages for Circuit of Figure 9B 


Table V. Crest Voltages for Circuit of Figure 9A 


————— 


Accessory 
Accesso: ‘ 
ane Equipment 
Capacitance, Crest Capacitance, Crest Z ® 
Micromicro- Voltage,* Table VII Micromicro- Voltage,* Table 
farads Per Cent Test farads Per Cent q 
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Accessory equipment capacitance voltage......... T0007 etre 128s ceca Accessory equipment capacitance voltage........ 1,000) xene eta , 


* Per cent of 298-kv front-of-wave spark-over voltage of Thorex GP-97 lightning arrester. * Per cent of 298-kv front-of-wave spark-over voltage of Thorex GP-97 lightning arre 


Table VII. Crest Voltage at “Transformer” for Various Test Conditions 
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current rise through lightning arresters in stations. If arrester and protected apparatus adds to the crest s 
the data were obtained from lightning arresters mounted voltage at the apparatus. | 
directly adjacent to transformers, it would not be correct In protecting both transformer and accessory equip 
to use these rates of current rise in analytical or miniature an additional lightning arrester at the accessory equip t 
system studies involving separation of the lightning arrester is of benefit in reducing the voltage at both, providil 
and transformer. lightning arrester is already located at the transfor 

Low lightning-arrester impulse spark-over voltage is When this is so, the surge current and voltage are 


important because it controls the voltage to which the at the transformer than at the accessory equipment. 
capacitance of the connected apparatus is charged before 
lightning-arrester discharge. This influences the maxi- REFERENCES 
mum lightning-arrester discharge voltage even though Dewi ment Circuits of Transformers and Reactors to Switching Surgedjla 
this may be higher than the initial spark-over voltage. 2 ce wan eee a, ts 
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“Two a lightning iene a the transformer ae a oe see a Pe oe 
- ghtning Arresters as a Criterion for Insulation Levels, H. L. Rorden. 
resulted in lower crest voltage at the transformer than with  7/™#"* volume 69, part I, 1950, pages 84-96, were, 


6. Co-ordinati ightning Arres i i ansf i 
one at the transformer and one ahead of the transformer. &.1, Wiske, T.J. Bis AIEE Thoohicipms, Cste Aes tT, 1980 pueed e* 
See Table VII, tests 1, 16, and 17. hice ¢ : eg) 
> ’ > i7 7. Proposed Basic Impulse Insulation Levels for High-Voltage Systems, J. E. 
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Induction Method for 


A. J. MORRIS 


ASSOCIATE AIEE 


N A STUDY of “activated tank” ship stabilization, an 
unusually difficult flowmetering problem was encoun- 
red. As conventional methods were not adequate it was 
cessary to resort to an electromagnetic flowmeter. 
The method of stabilization under investigation uses a 
ater-transfer principle. Antiroll forces are created by 
ifting water from one side of a ship to the other through a 
ossduct. ‘The water shift is accomplished by a variable- 
tch propellor pump. In order to study the pump prop- 
ly, it was necessary to have a fluid flowmeter capable of 
eeting exacting requirements. It had to 


1. Measure fluid velocities linearly in the velocity range 
18 feet per second. 

2. Measure fluid velocities instantaneously without 
jase or amplitude distortion in the frequency range of 
ro to five cycles per second. 

3. Respond to velocity; not to static or dynamic pressure. 
4. Present the data obtained to be recorded simultane- 
isly with information on pump blade angle, and so forth, 
allow measurement of the pump characteristics. 

5. Not disturb appreciably the flow in the duct in 
hich the velocity is being measured. 

6. Be as inexpensive and simple as possible in con- 
ruction, and reliable in operation. 


Anyone at all familiar with hydraulics will recognize the 
verity of these specifications. The more standard meth- 
is, using paddles, propellors, vanes, Pitot tubes, or pres- 
ire pickups, can be eliminated almost immediately. Most 
‘these fail to meet several of the requirements. There is, 
owever, an electromagnetic induction method for measur- 
ig fluid velocity which is linear, instantaneous in response, 
msitive, and reasonably stable. The method itself is old, 
ating back, in fact, to Faraday,! but it has been little used 
ntil recently. A study of basic patents by Kolin? et al, and 
ye excellent treatment by Thurlemann,’ led to the con- 
usion that this method might do the job. 

‘The operating principle of the meter is simply generator 
ction—Faraday’s law of induction. A magnetic field in- 
uces voltage in a fluid flowing through it (E=v XB), and 
tis voltage may be detected by electrodes placed at right 
sles to both the flow and the field lines. The magnetic 
eld in this case was established by two powerful permanent 
wdar magnetron-type magnets. The walls of the duct were 
splaced by plastic in the metering section to avoid at- 
Auating the induced voltages and to avoid shielding the 
id from the field. Flow in the duct was at right 
sles to a plane bisecting the bodies of the two magnets. 


st of paper 51-58, “An Electromagnetic Induction Method of Measuring Oscillating 
d Flow,” recommended by the AIEE Committee on Instruments and Measurements 


: : 3 che 
approved by the AIEE Technical Program Committee for presentation at 
EE Winter General Meeting, New York, N. Y., January 22-26, 1951. Scheduled 


publication in AIEE Transactions, volume 70, 1951. 


J. Morris is with the Office of Naval Research, San Francisco, Calif., and J. H. 
ladwick is with Stanford University, Stanford, Calif. 


INE 1951 


Measuring Fluid Flow 


J. H. CHADWICK 


Several important practical considerations required 
study. One of the most critical was the question of polari- 
zation. If both the magnetic field and the fluid flow are 
unidirectional, the voltage and hence current flow also will 
be unidirectional. This tends to build up unequal bias 
voltages on the electrodes. The effect of polarization 
naturally will be reduced if either the field or the flow is 
alternating. In this case the flow was alternating, and al- 
though the fundamental frequencies of this system were be- 
low one-half cycle per second, it was concluded that the 
rates of flow reversal would still be fast compared to the 
chemical polarization processes. 

The question of nonlinearity due to change of velocity 
distribution across the section with Reynold’s number was 
considered. ‘Thurlemann’ has shown that the change of 
velocity distribution tends to be self-canceling, and in fact 
has no effect in the ideal case of constant magnetic field 
across the section. Calculation indicated that less than two 
per cent nonlinearity need be expected in this case. 

Hum pickup and other noise voltages were avoided in so 
far as possible by careful construction and shielding. The 
residual bias voltages, due to constant polarization, were 
eliminated by an adjustable bias-bucking circuit. 

The signal from the electrodes was amplified by a chop- 
per-type d-c amplifier which, in turn, drove one channel of 
a Brush pen recorder. The chopper-type amplifier gave 
maximum stability, but naturally limited the frequency 
response of the over-all system. As the chopper operated 
on 60 cycles, the system was able to pass a signal of up to 
six cycles per second without excessive distortion. 

Fields tests of the flowmeter system established the 
characteristics as follows: 


Linearity—linear to within experimental error of about 
1 per cent. 

Frequency Response—O to 6 cycles per second without ex- 
cessive distortion. 

Sensitivity—1.2 millivolts per foot per second at the elec- 
trodes. 200 volts per foot per second at the pen recorder. 

Noise—equivalent to about 0.01 foot per second flow. 

Drift—0.05 millivolt per minute at 0.3 cycle per second, 
and 0.10 millivolt per minute at 0.03 cycle per second (at 
the electrodes). 


These characteristics were completely satisfactory for 


study of the pump, and hence the particular problem which ~ 


instigated the work was solved. For more general usage it 
might be desirable to have less drift. 
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An Electronic Power Source for Large 
D-C Contact Testing | 


D. L. PETTIT 
ASSOCIATE AIEE 


10,000 amperes is reasonably easy to obtain since it 
requires only a suitable transformer and a line supply- 
ing an adequate amount of power. No rotating equipment 
is necessary. If direct current is required, rotating equip- 
ment involving perhaps a 1,000-kw generator would be re- 
quired to deliver 10,000 amperes at 250 volts. A larger set 
would be required for currents at 600 volts and 750 volts. 
Sometimes special motor-generator sets are used having a 
high inertia, special windings, and an undersize driving 
motor to deliver the momentary power needed for contact 
testing. Such equipment is expensive, requires a large 
amount of space, and is not flexible as far as output voltage 
is concerned. 
This article describes a solution to this power require- 
ment by using electronic tubes. 


A POWER SOURCE for a-c testing for currents up to 


REQUIREMENTS 


rene CONSIDERATION is the service requirement. The 
primary requirement is providing momentary power as 
required by the standard sys- 
tem of contact testing involv- 
ing 50 repeated operations at 
10-second intervals momen- 
tarily closing and opening the 
circuit, a test which is some- 
times referred to as the 50- 
OCO test. A secondary re- 
quirement is the use of the 
power source for continuous 
loads. Major voltage re- 
quirements involve 250-volt 
systems with a lesser requirement at voltages near 600 volts. 

With these requirements in mind the welder ignitron tube 
in size D was considered particularly well adapted since it is 
designed for use on welding cycles usually more severe than 
those demanded in this application. It has a higher inter- 
mittent capacity and a lower cost than the corresponding 
rectifier tube. It is more susceptible to flash backs than 
the rectifier tube because of the omission of the shielding in 
the tube. 

This susceptibility to flash backs leads to the use of imped- 
ance in the feeder circuit which limits the current to a value 
less than the published maximum instantaneous values for 
the size D ignitron tube. This value is approximately 
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A scheme for providing power electronically for 
large d-c contact testing has been devised. 
This power source provides characteristics 
which are quite acceptable for testing up to 
10,000 amperes at 250 volts; it is less expensive 
than rotating equipment, has a voltage range 
from 250 to 750 volts, and takes less space than 
rotating equipment. 
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14,000 amperes. In this particular installation this im 
ance is the combined transformer and feeder line impeda 
without the use of any additional reactors or resistors 
circuit. 


be 


DESCRIPTION 


ig Rc RECTIFIER is shown in Figure 1. A diagram of 
manner in which the rectifier is connected to the pc 
system and the test device is shown in Figure 2. As 
matic diagram of the internal connections of the rect 
power and igniter circuits is shown in Figure 3 and th 
ectifier control circuit in Figure 4. 
Simplification of the firing circuit was obtained by usix 
the load current to fire the ignitors. This arrangement 
eliminated the problem of co-ordinating the phase shift : 
one voltage source with respect to the other when hig 
currents were drawn from the transformer. In order 1 
make this scheme successful, it is necessary to connect a loz 
resistor to the rectifier so that it always draws sufficie: 
current to cause the ignitrons to fire. This resistor is r 
connectable by a series-para 
lel switch loading the reet 
fier to about 100 amperes < 
250 volts and to about 5 
amperes at 600 volts. 
For cooling, all six tub 
were connected in series | 
the city water supply with 
flow switch at the outlet of tl 
last tube arranged to inte 
lock the circuit so that 
rectifier could not be al 
unless the water was turned on. No attempt was mac 
to recirculate the water through the jackets. — ‘i 
A sequence control is provided, as shown in Figure 4, 
sequence the rectifier by establishing direct current throug 
the load resistor just prior to the closing of the contacts of tl 
device being tested. A timer then opens the device aft 
which the operator releases the push button to de-ener 
the rectifier. This provides two desirable features: 
saves power during the off period and it gives the oper 
finger-tip control of the current should the test contact 
fail to open the circuit. 
The use of the manual button to start each cycle of cc 
tactor operation has been chosen purposely to obtain ra 
dom operation of the contactor with respect to the ripy 
voltage. Automatic timing in some cases has a tenden 
to cause the contactor being tested to be cycled closed: 
the same point of the cycle for each operation. Such 
arrangement is considered to be an unfair test, although 
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Figure 1. Thisillus- 

tration shows the 

rectifier installed for 
use 


ro phase back is used in the rectifier the ripple voltage is 
ore or less insignificant. Reference to the oscillogram, 
gure 5, will indicate the proportions of ripple voltage en- 
yuntered. 

Tt will be noted that six ignitron tubes are used giving the 
juivalent of 6-phase operation but that only three connec- 
yns are brought out from the transformer. While this 
as a necessary part of this particular installation because 
€ transformer was provided with only the three external 
mnections for each set of voltages, it also provides addi- 
gnal limitations to the current in the case of flash backs 
scause two tubes are always connected in series for con- 
iction. 

Voltage taps used on the transformer input are at 240, 
30, and 600 volts. These taps give voltages on the d-c 
Je of approximately 275, 600, and 750 volts. Another 
p available on the transformer at 120 volts could not be 
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TEST TRANSFORMER 
SECON 


DARY TAPS AT 
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1600 AMPERE MAIN 
CIRCUIT BREAKER 

400 AMPERE BRANCH 
i CIRCUIT BREAKER 


| Tee CONTACTOR 
220 VOLT — o 
ee — OTHER AC 
SUPPLY — 
TESTING 


gure 2. Diagram 


Figure 3. Diagram of rectifier power and igniter circuits 


used because proper ignition of the ignitron does not occur 
at this low voltage. An attempt to use it caused the 3- 
ampere fuses to blow in the ignitor circuits. For voltages 
below 275 volts the phase-back control may be used. 
Phase-back control is not considered satisfactory for rupture 
tests since the ripple voltage becomes disproportionate and 
aids the device being tested in the interruption of the cur- 
rent. However, it is useful in supplying voltages for motors 
because the additional ripple voltage may be of little con- 
sequence. 

It is realized that the rectifier is not identical to a gener- 
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ator because of the difference in the amount of inductance 
in the system. It will be noted from the oscillogram, how- 
ever, that the recovery of voltage is fast in the case of the 
rectifier system. 

For test work a fast recovery of voltage usually leads 
to the earliest breakdown of the equipment which is 
being tested. However, a fast recovery voltage indicates a 


G0 CYCLE TIMING WAVE 


MANOA EAN SAMA AUR 
286 AVG. Vi ACROSS CONTACTS #4 


967™% AVERAGE CURRENT 


Figure 5. Oscillogram of ripple and recovery voltages 


small amount of inductance in the circuit and may, there- 
fore, fail to bring out a flashover which might be aggravated 
by some extra inductance. Up to about 30 amperes a 
blind-spot check was made on a special 100-ampere con- 
tactor. Failure by holding the arc occurred with the recti- 
fier at 270 volts, and with a 25-kw 250-volt d-c generator as 
the power source, in such a way as to indicate the results 
cross-check. 

This equipment is limited in capacity by the size of 
ignitron tube available, since one of the tubes must carry 
the entire current being drawn from the system at any one 
instant. Paralleling of tubes is not practical with this 
arrangement because the scheme does not provide assurance 
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Figure 6. Rectifier 


terminal voltage 
o |2 34 5 67 8 9 10 1} Plotted against cur- 
THOUSANDS OF AMPERES rent load 


that both tubes in parallel would be fired and carrying 
current. 

The rectifier terminal voltage plotted against current 
load is shown in Figure 6. These data do not plot in a 
straight line. Early effort indicated that this was traceable 
to errors in obtaining data. Refinement in data closely 
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confirmed the shape of the curve as all data points | 
curve line. While firm conclusions were not reache 
contributing factors may be capacitance effect at low: 
currents and internal resistance in the bus structure ; 
higher currents. 

Current and voltage readings are taken by using mete 
equipped with mechanical stops so that the hand may | 
preset to just below the anticipated value. ‘The meter han 
then may move through only a short distance to give a rez 
sonably accurate reading on a current which flows le 
than one second. For voltage readings for the high ew 
rents, an extra contact on control relay CR7 is used to cor 
nect the voltmeter at the same instant that the load is €or 
nected. 

This permits the use of a meter having a lower ful 
scale reading for the lower voltage readings. 

The regulation of this rectifier, together with the induc 
ance and recovery voltage characteristics, may or may ni 
make it typical as a source of test power. Since there is 
trend in the industry to use rectifiers as power supply, 
may become increasingly important to use a rectifier as 
source of power when testing devices which ultimately mz 
be applied where rectifiers are used as a d-c source. 


Figure 7. 


Contacts that have undergone rupture tests — 


Figure 7 shows contacts that have undergone ruptu 
tests using power from this unit. Note the separation 
facing material on contacts in the upper left and lower rig! 
Erosion of the backing material shows in the lower Sse 
Contacts at the upper right are a copper alloy enduri 
successfully over 10,000 amperes at 275 volts. 

The floor space which is occupied by this equipme 
measures 41 inches wide by 21 inches deep. The cabit 
proper measures 80 inches high. An additional 30 inet 
in height is used to mount the minimum load resist 


Water connections are brought in from the left and feed 
from the right. ; 


CONCLUSIONS 


I SUMMARY, we may say that this scheme of providing ¢ 

power provides characteristics which are quite accé 
able for testing up to 10,000 amperes at 250 volts; 
has a greatly reduced cost when compared to rotat 
equipment; it is quite flexible as far-as voltage outpu 
concerned in the range of 250 to 750 volts; and it occupie 
cubicle small by comparison with rotating equipment. 
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The Trend Toward Instant Starting of 


Fluorescent Lamps 


J. Bee@A MPS Pee L 


| HEN FLUORESCENT LAMPS were first intro- 
y Y duced 12 years ago, the lighting profession was pro- 
vided with new and advantageous tools for the exten- 
mn of lighting levels. Increased efficiency, better light 
stribution, controllable color, and more comfortable 
ightness ratios are ever-present advantages of the new 
ght source. The acceptance was immediate and great 
Mtwithstanding the relatively higher initial cost and com- 
exity compared to filament lighting. Some idea of the 
;onomic importance of fluo- 
scent auxiliaries can be 
uined by the fact that these 
ymponents make up from 
) to 50 per cent of the total 
yst of the luminaire. 
Improvements were rap- 
ly made in circuits, lamp- 
olders, starters, and ballasts 
; new lamp types were an- 
punced. Early circuits consisted of a series reactor and a 
arting switch for the small lamps and an autotransformer, 
ries reactor, and starting switch for the higher voltage 
umps such as the 30- and 40-watt lamps. The need for 
igh power factor resulted in the design of capacitors to be 
laced across the service line, individual capacitors incorpo- 
uted in each ballast, and the split-phase lead-lag ballast. 
he evolution of starters took place, rapidly changing in 
rder from manual to magnetic to thermal to glow. In 
witch-start circuits, the 2-contact glow switch is widely ac- 
spted because of its low cost, sim- 
licity, and short recycling time. 
he manual and thermal switch are 
esirable for some applications. 


circuits. 


THE NEED FOR INSTANT START 


ts SPITE OF the many improvements 
in starters it became obvious that 

moving part for each lamp re- 
ited in maintenance which was 
oth annoying and expensive when 
pplied to large installations. The 
rst instant-start circuit was de- 
eloped for the 40-watt lamp when 
athodes were designed to take high- 
oltage starting. Accordingly, when 
1¢e slimline lamps were developed, 
istant-start circuits were designed 


sentially full text of a paper presented at the 
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Instant and quick-start circuits now on the mar- 
ket for use with fluorescent lamps include the 
series or sequence type as well as high-frequency 
New designs may lead to smaller bal- 
lasts or to a self-starting lamp which will start 
instantly with present switch-start fixtures. 


REACTOR 


to start and operate them. Although it was just as 
desirable to provide instant-start ballasts for small lamps, 
economic considerations impeded the acceptance until re- 
cently when the “‘trigger-start” or automatic-preheat cir- 
cuits were announced. 


LAMP CHARACTERISTICS 


iG Is NOT within the scope of this article to discuss the 
many fluorescent lamp characteristics related to gaseous 
discharge phenomena. For 
a more detailed discussion the 
reader may wish to refer to 
’ books on thesubject.!~? How- 
ever, to clarify discussion, it 
may be well to review some 
lamp characteristics which dic- 
tate circuit and ballast design. 
Referring to Figure 1, 
when lamp electrodes are pre- 
heated by means of a series starting switch, thermionic emis- 
sion takes place. ‘The argon or krypton starting gas and 
mercury vapor become ionized because of the collision of 
electrons with gas molecules. Ionization reduces the im- 
pedance of the arc path, thus preparing the lamp for start- 
ing. When the switch opens, the voltage of the line and an 
inductive surge voltage appear across lamp electrodes with 
enough magnitude to initiate the main arc. When surge is 
insufficient, the starting cycle must be repeated, thus delay- 
ing starting operation. Once started, the lamp exhibits a 
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Figure 1. A typical fluorescent lamp with starting and operating circuit 
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Figure 2 (left). An 

early 60-cycle reso- 

nant circuit for instant 
start 


Figure 3 (right). Con- 
ventional split-phase 
switch-start circuit 


Figure 4 (left). The 
multiple instant-start 
circuit 


Figure 5 (right). 


Fundamental se- 
quence-start _— series LAMP 14 
circuit 


negative resistance characteristic so the current is limited 
only by the predetermined impedance of the series reactor. 

A surge voltage in excess of 1,000 volts generaily is pro- 
duced by the reactor at the opening of the starting switch. 
Consequently, if the starting switch is eliminated by means 
of a preheat transformer as in the case of tHe trigger-start 
circuit, applied voltage must be increased to make up for the 
lack of surge voltage. 

Fluorescent lamps can be started without electrode pre- 
heat by increasing the applied voltage until free electrons 
are accelerated sufficiently to produce a cascade of ioniza- 
tion with subsequent current conduction and eventual arc 
discharge. 


_ MULTIPLE INSTANT-START CIRCUITS 


ARADOXICALLY, one of the first methods for starting 

fluorescent lamps was by means of a circuit without 
moving parts. ‘The early instant-start circuits were of the 
resonant type or high-reactance transformers with a second- 
ary voltage sufficient to start the lamp. However, at that 
time, the lamp electrodes were not capable of withstanding 
the voltage applied and the ballast was large and expensive. 
Figure 2 shows a typical split-phase resonant-start circuit. 

In designing an instant- or fast-start circuit, the lamp 
characteristics previously described must be considered first. 
The fluorescent lamp requires a starting voltage of from 21/, 
to 41/, times its operating potential, depending on lamp di- 
mensions and whether cathodes are preheated or initially 
cold. When inductive reactance is used as a ballast, the 
applied voltage is generally twice the lamp operating volt- 
age for proper lamp current regulation. The absorption 
of this voltage during operation, whether required for lamp 
starting or lamp current regulation, limits the conventional 
ballast to a given size and efficiency. 

The first commercially acceptable instant-start ballast was 
made by redesigning the starter-type split-phase ballast, 
Figure 3, so that adequate voltage was impressed between 
lamp electrodes to provide starting without preheat. The 
instant-start split-phase circuit (Figure 4) applies in gen- 
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4 
eral to the 40-watt and slimline lamps. This circuit pro 
vides high power factor for the transformer primary by com 
bining in the secondary a leading and lagging power facto 
circuit. 

Before any high-voltage instant-start ballasts could b 
placed on the market, it was necessary to develop a ne\ 
lamp electrode capable of withstanding the bombardmen 
type of electrode heating. Once this lamp had been de 
veloped, the circuit and ballast designers could proceed wit 
the thought of providing the required starting voltage in th 
most economical way. ; 


SEQUENCE START SERIES CIRCUITS ; 


E bias STANDARD Split-phase instant-start circuit, Figure < 
met lamp requirements but had the disadvantage ¢ 
considerably greater weight, size, cost, and loss compare 
with ballasts employing starters. Therefore, a method we 
devised to reduce the volt-amperes in the ballast by mear 
of applying the starting voltage first to one lamp and thent 
the other. This design is known as the sequence-start serie: 
operating circuit. Early design work on this method ¢ 
starting resulted in a preheat circuit for 100-watt lamy 
which saved 50 per cent of ballast weight, size, cost, an 
loss.4 ‘These ballasts employing starters were used to som 
extent during World War II in large industrial plants an 
have since been revised for use with the 85-watt lamp. Th 
application of sequence-starting to eliminate switches prc 
vides similar advantages when compared to multiple i 
stant-start circuits. 

Figure 5 shows the fundamental sequence-start seri 
operating instant-start circuit. The transformer provi 
the same open-circuit voltage as that of the convention: 
split-phase circuit. Normally, almost double this voltag 
would be required to start two lamps in series. Howeve 
by means of the shunt circuit, lamp 1 receives full vol ag 
and starts first, the current taken by lamp 1 passes throug 
the small linear reactor and series capacitor producing 
near resonant voltage to start lamp 2. After the lamy 
have started, the ballast absorbs only the difference of # 
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mmbined lamp voltage and the applied voltage. Com- 
ared to the conventional lead-lag circuit shown in F. igure 
it is seen easily that the ballast of the series circuit operates 
ta lower volt-ampere rating. Therefore, a considerable 
eduction in size, weight, and loss is realized. High power 
ctor is obtained by operating the transformer primary ata 
igh flux density or introducing a series air gap in the pri- 
aary flux path. 

Figure 6 illustrates one of the sequence-starting series- 
perating circuits now on the market. The ballast em- 
loying this circuit is known simply as the series-type ballast. 
n this arrangement, coil A is the primary and coil B the 
scondary of the power transformer. Coil C is a high- 
oltage low-current winding which provides starting voltage 
x lamp 1. With lamp 1 conducting current, lamp 2 re- 
eives the vector sum of the voltage drops of all three coils. 
After starting, the lamps operate in series. ) 

Figure 7 illustrates the vector diagrams of the sequence- 
farting series-operating circuit shown in Figure 6. Dia- 
ram A shows the voltages produced in the ballast before 
ither lamp starts. ‘The voltage of coil C is sufficient to start 
amp 1. Diagram B shows the vector relationship of the 
omponents after lamp 1 starts: The voltages of coils A, 
3, and C add up to produce a voltage sufficient to start lamp 
. Diagram C illustrates the vector relationships existing 
luring operation of both lamps. 

Lamp performance characteristics such as life and lumen 
naintenance can be predicted with reasonable accuracy for 
tarter or automatic preheat circuits. This is the result of 
rears of experience in which normal life tests have been con- 
lucted and correlating evidence obtained by varying pre- 
leat current, preheat time, and starting voltage. Compre- 
lensive specifications covering ballast designs therefore have 
yeen written to cover these conventional circuits. Subse- 
juently, the same type of information was gathered for in- 
tant-start multiple circuits. 

~The time required to make these tests for each change in 
amp and ballast design is quite long considering that there 
$ not as yet a satisfactory method for accelerating a fluores- 
ent lamp life test. Very often, over a year is required to 
est the effect on life and lumen maintenance of a single 
variable in circuit or lamp design. The sequence-start 
eries-type of ballast has not been in existence long enough 
0 predict accurately lamp performance as compared to con- 
fentional ballasts. ‘Tests are further complicated because 


everal types of sequence-starting series ballasts have been 


figure 6. A sequence-start series circuit now on the market 
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B. LAMP NO. 1! 


STARTED 


CAPACITOR 


Cc. BOTH LAMPS STARTED 


Figure 7. Vector relationships of voltage in the sequence-start 
series circuit of Figure 6 


placed on the market in the last two years. Life tests on 
some early designs of sequence- or series-type ballasts showed 
about two-thirds lamp life compared to the multiple cir- 
cuit. Features of the ballast which, in most applications, 
tend to compensate for the reduction in lamp life are lower 
initial cost, increased over-all efficiency, and a reduction of 
critical materials. Some of the differences in the various 
sequence-start series circuits now being checked for effect 
on lamp life are: time required to establish the cathode hot 
spot, starting current waveform, magnitude of current avail- 
able to start, and the changes in these factors with low and 
high ambient temperatures. Tests nearing completion on 
improved ballast designs indicate that specifications now 
can be written to provide lamps operated on series or se- 
quence ballasts with the same life as now provided by mul- 
tiple ballasts. 

Table I gives the per cent watts loss, total weight, copper 
and iron weight, and cost of typical ballasts employing some 
of the circuits previously discussed. Comparison is based 
on the multiple ballast of Figure 4 as 100 per cent. Ballasts 
for use with 40-watt lamps have been chosen because this 
lamp is the highest production type and available ballasts 
for operating the 40-watt lamp include all of the circuits 
shown. It is significant to note that instant-start ballasts of 


eee) 


Figure 


the’sequence series type are approaching values for the ball- 
asts requiring starters. 

The so-called fast-start or trigger-start automatic-preheat 
circuits eliminate the starter, as shown in Figure 8. The 
voltage required to start the lamp is somewhat higher than 
for switch-start, but considerably lower than required to 


Table I. Characteristics of Typical Ballasts 
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start the lamp by high voltage alone. ‘The use of automatic 
preheat circuits is limited electrically to lamps having a 
2-contact base. Ballasts employing this circuit provide fast 
starting for low-voltage lamps such as the 14-, 15-, 20-, and 
32-watt types. 


POSSIBLE CIRCUITS FOR FUTURE USE 


AY AUTOMATIC pulse coil has been designed for ionizing 
the gas in a fluorescent lamp through external capaci- 
tive coupling. Figure 9 illustrates the circuit. The coil 
produces a low-energy pulse of high voltage each half-cycle 
of the input-power frequency. The pulse energy is trans- 
ferred to the lamp by means of'a small metallic radiator 
which can be incorporated as part of the fixture. The pri- 
mary of the small preheat. transformer serves to provide 
voltage excitation for the primary of the pulse coil. With 
the lamp fully ionized and the electrodes emitting, the main 
arc is initiated merely by applying whatever voltage is re- 
quired to regulate lamp current. Therefore, a minimum- 
size ballast can be designed. Since starting can be ob- 
tained at a voltage close to the lamp operating potential, it 
is feasible to employ a tungsten-filament lamp as ballast. 
Current control by means of resistance has advantages such 
as quiet operation, light weight, and low initial cost, but the 
disadvantage of a somewhat lower over-all efficiency. 


HIGH-FREQUENCY OPERATION 


N THE TREND toward instant starting of fluorescent 
lamps, many circuits have been devised to accomplish 
this purpose economically. However, unless radical 
changes are made in lamp construction, it appears that a 
minimum size and weight of ballast for 60-cycle power will 
soon be reached. With this point in mind, a considerable 
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Figure 8 (left). The 

fast-start or “trigger- 

start”? circuit for bi- 
pin lamps 


Automatic-pulse coil- 
starting circuit 
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(right). 


amount of test work has been carried on to determine the 
advantages of higher frequency operation of fluorescent 
lamps. Results show a marked reduction in over-all 
weight of ballasts along with increased lamp and circuit 
efficiency. For example, when present 40-watt fluorescent 
lamps are operated at 400 cycles a lightweight low-loss 
capacitor can be employed as a ballast. Lamp efficiency 
is increased by 6 per cent while circuit efficiency is raised 20 
per cent. Combinations of inductive and capacitive re- 
actance can be used to obtain instant starting and high 
power factor with less than 50 per cent of the weight of the 
smallest 60-cycle ballasts. In general applications, many of 
the advantages of high-frequency operation would be lost, 
due to the size, weight, and efficiency of commercially avail- 
able rotating-type frequency converters. However, prog- 
ress is being made in the development of harmonic genera- 
tors which do not contain moving parts and can be treated 
as transformers.6 High-frequency lighting systems are being 
used to some extent in aircraft and motor-coach installations 
where either 400-cycle or aang ES por supplies 
are available. 

LAMPS .FOR INSTANT START 7 

. ARE two main approaches to the instant-st 
problem: (1) the design of circuits and ballasts to 
start and operate the present lamps, and (2) the design 
of lamps to start at lower voltages, so smaller and lower cost 
ballasts can be designed. A radical change in the design of 
the lamp requires very careful electrical analysis as well as 
judicious economic consideration because of the high pr 
duction and the-necessity for meeting previous comm 
ments regarding life and lumen maintenance. Howeve 
such a method of attack is not only feasible but may become 
advisable if progress is to be made in improving the over-all 
combination of the light source and the equipment needed te 
operate it. 
There are many approaches in the process of redesigning 
the lamp for low-voltage starting, and no doubt a com bi: 
nation of several will finally result. 
Following are some of the ways by which lamps can be 
made to start at lower voltages: 


Lower starting gas pressure. 

Larger diameter lamps. 

Inside stripe connected to one electrode. 
Auxiliary electrodes. 

Inside transparent conducting coating. 
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6. Activated starting electrodes with inside transparent 
oating or equivalent external circuit. 


It is not within the scope of this article to discuss all of 
hese methods in detail. However, it will be well to point 


jut some of the known limitations of a few departures from 
tandard practice. 


1. If the starting gas pressure is reduced, the voltage re- 
juired to start is also reduced. This method alone will not 
ring starting voltage low enough to justify the change. 
Reduced pressure also results in increased bombardment of 
he electrodes during operation and life and lumen mainte- 
vance becomes relatively poor. 

2. Increasing the diameter of the lamp while maintain- 
ng standard pressure and current loading probably will not 
educe starting voltage sufficiently to justify the added ex- 
sense of the larger bulb, fixture, and lampholders. 

3. An inside conducting stripe connected to one lamp 
erminal results in a lamp which will start at low voltage 
since line potential is applied at a fixed position in the ion- 
zing medium for the entire length of the lamp (Figure 
10). If, in addition, a somewhat lower starting gas pres- 
sure is employed, lamps can be made to start at a voltage ap- 
proaching that of the switch start system. A special ma- 
terial which will not contaminate the lamp, preferably fired 
onto the inside glass surface, must be used. The glass stem 
at one end must be fitted with a connector in order to make 
permanent contact with the conducting stripe. Compared 
fo present manufacturing methods using high-speed ma- 
chines, production cost of this lamp may be considerably 
higher. Fluorescent lamps of the type shown in Figure 10 
are in use abroad where most distribution systems provide 
240 volts. Instant starting is obtained with filament lamp 
ballasts which are operated at rated voltage and therefore 


INSIDE CONDUCTING STRIPE 


Figure 10. Fluorescent lamp design employing an inside con- 
ducting stripe connected to one electrode 
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Figure 11. Fluorescent lamp design using auxiliary electrodes 


TRANSPARENT CONDUCTIVE COATING 


Figure 12. Fluorescent lamp design with inside transparent 
conductive coating 


Figure 13. Starting sequence of lamp with inside transparent 

conducting coating. Top—glow discharge between electrodes 

and bulb wall; middle—extension of ionization produced by poten- 

tial gradient along bulb wall; bottom—full ionization produces 
main arc discharge between electrodes 


contribute to the over-all light output of the fixture. The 
lamp and circuit efficiency is considerably lower when com- 
pared with the reactor ballast system. However, the fila- 
ment lamp ballast has a significant advantage in Europe 
where copper and iron are in very short supply. 

4, Auxiliary electrodes can be made to produce starting 
voltages close to the lamp operating drop. Each electrode 
has an unactivated starting electrode insulated from it by 
means of the glass stem. The two starting electrodes then 
are connected in series externally. When line voltage is 
applied, a glow discharge takes place between each main 
electrode and the starting auxiliary. The glow discharge 
current is relatively small, being of the order of one milli- 
ampere. Ionization takes place in the vicinity of the elec- 
trodes, lowering the impedance of the main are path. This 
scheme works well on all straight lamps but since photo- 
ionization is partly responsible for starting, curved lamps 
show little reduction in starting voltage. While such a 
lamp might be manufactured conveniently on automatic 
machinery, it requires a 3-lead stem and a 3-contact base 
and lampholder. Figure 11 illustrates this type of con- 
struction. 

5. If the glass bulb of the lamp is completely coated on 
the inside surface with a transparent conductive material, 
a lamp can be made to start within 30 per cent of its 
operating potential provided a small amount of preheat 
current is supplied to the electrodes (Figure 12). Standard 
electrodes may be used without any connection to the con- 
ductive coating. Resistance of the coating is. not critical 
since low-voltage..starting may be accomplished with a 
range of 2,000 to 1,000,000 ohms. : When line voltage. is 
applied, an auxiliary discharge takes place between each 


-electrode and the adjacent conductive coating (top, Figure 


13). Since the discharge current flows through the con- 
ductive coating, a potential gradient is set up along the 
bulb wall. When the potential at any one point reaches 
ionizing voltage, the glow discharge is extended from each 
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Figure 14. Self-starting lamp design employing starting elec- 
trodes and transparent conductive coating 


electrode in the form of a cone (middle, Figure 13). At 
the moment both cones meet, the lamp becomes completely 
ionized and the main arc strikes (bottom, Figure 13). 

Tests to date indicate some contamination of one type of 
phosphor as a result of the conductive coating. Further 
analysis will be needed to determine how this may be 
overcome. 

The lamp designs of Figures 11 and 12 depend upon 
transformer application of low-temperature preheat. There- 
fore, both are limited to lamps with double contact bases. 

6. The lamp design illustrated in Figure 14 shows 
possibilities for application to any lamp whether bi-pin or 
single contact. The bulb of the lamp is coated as pre- 
viously described, but with sufficient quantity to produce 
a resistance of low order, 2,000 to 3,000 ohms. When line 
voltage is applied, glow discharge takes place between the 
activated starting electrode and adjacent conductive coat- 
ing. Due to the low resistance of the bulb wall path, the 
current rises to a value sufficient to heat the starting elec- 
trode to emissive temperature. As a preliminary to initia- 


tion of the main arc, glow discharge takes place, as il 
trated in Figure 13. The main arc then /occurs betwee: 
starting electrodes, and the higher value of current pa AS 
through the main electrode bringing” it up toe 
temperature. The arc then transfers to, ‘the main electr 
due to the lower resistance and higher potential offered 
this point. Some lamps, particularly the low-voltage = 
may require an internal connection from one starting 
electrode to the conductive coating in order to reduce th 
voltage required to initiate the glow discharge. It is ob 
vious that if such a lamp can be made in high-productior 
quantities, it will serve a twofold need. First, it will pro 
vide for low-cost ballast designs to take advantage of the 
low starting voltage, and second, it will provide a possibl 
replacement for preheat-type lamps and provide instan 
starting in present installations by merely removing th 
starters. 
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The Canadian Approvals Laboratories 


G. MOES 


MEMBER AIEE 


tric Power Commission 
was authorized by the 
Province of Ontario to form 
an electrical inspection de- 
partment governing the in- 
stallation of electric equip- 
ment. In 1918 the Com- 
mission started a laboratory 
in its research division to supplement field inspection, 
patterned after the electrical division of Underwriters’ 
Laboratories. It was known as the Approvals Division. 
As the Canadian Electrical Code Part I became accepted 
by other provinces, the approvals services of the Com- 


I N 1915 The Hydro-Elec- 


a ee eee ey 
Essentially full text of a conference paper, “The Operations of the Approvals Labora, 
tories—A Division of Canadian Standards Association,” to be presented at the AIEE 
Summer General Meeting, Toronto, Ontario, Canada, June 25-29, 1951. Recom- 
mended by the Committee on Industrial Control. 


G. Moes and F, R. Whatmough are with the Approvals Laboratories, Toronto, Ontario, 
da. 
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The Canadian provincial governments have 
concerned themselves with the safe operation 
of domestic and industrial electric equipment 
by the public. The origin, purpose, scope, 
and operations of the Approvals Laboratories, 
which undertake the examination of proto- 
types of electric apparatus, are briefly described. 


Moes, Whatmough—Canadian Approvals Laboratories 


F. R. WHATMOUGH 


; 
‘ 
mission were stipulated b 
them. Because of this inter 
provincial acceptance it 
decided that the laborat 

should not operate under : 
name of The Hydro-Elec 

Power Commission of O 
tario. Consequently the lab 
oratory became a division 6 
the Canadian Standards Association (a nonprofit organiza 
tion with a Dominion charter) in May 1940, operatiny 
under an agreement with the Commission. In Septembei 


1950, the division became entirely divorced from 
Commission. 
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PURPOSE AND SCOPE 


y | ‘HE PURPOSE OF the laboratories is to reduce to 
acceptable degree fire and life hazards incident t 


ELECTRICAL ENGINEERIN 


€ operation of electric equipment installed according to 
€ requirements of the Canadian Electrical Code Part I. 
The scope of operations depends on the interpretation of 
© Canadian Electrical Code Part I. This includes all 
ectric equipment intended to operate at all potentials in 
ectric installations for buildings, structures, and premises 
ith the following exceptions: . 


1. Installations or equipment used by an electrical or 
mmMunication utility in the exercise of its function as a 
‘lity, and located outdoors or in buildings or sections of 
uildings used for that purpose. 

2. Car wiring, car houses, and passenger and freight 
ations used in the operation of electric railways and 
ipplied with electric current from the railway power 
rcuit. 

3. Aircraft and marine work. 


OPERATIONS OF THE LABORATORIES 


. ELECTRICAL codes are the basis of the laboratories’ 
£ operations. The contents of the Canadian Electrical 
ode Part I correspond to some extent to those of the 
lational Electrical Code of the United States. With 
1€ valuable assistance of the industry and _ professional 
ssociations, the laboratories have compiled various 
lectrical standards which are known as the specifications 
f the Canadian Electrical Code Part II. The contents 
f these standards are similar to those of Underwriters’ 
aboratories of the United States. They deal with the 
afe construction of electric equipment. — 

About 75 per cent of the 107 specifications are com- 
leted; the remainder are started and are in varying stages 
f completion. It is estimated that 200 specifications are 
eeded to cover the domestic and industrial electric 
quipment field. Codes exist for the users, hence, constant 
svision and co-ordination are needed. 

Part I of the code is compiled by a Part I Committee. 
fs membership is from electrical manufacturers, inspectors, 
re marshals, utilities, insurance interests, and so forth. 


Part II of the code is compiled by a second Committee. 


t consists of equal representation from the manufacturing 
nd nonmanufacturing groups. The former has six 
yembers from Canadian Electrical Manufacturers Associa- 
on (CEMA) and the latter has an equal number from 
ispection, the laboratories, National Research Council, 
lanadian Electrical Association, and Canadian Under- 
Titers’ Association. A nonvoting corresponding member 
‘obtained from the Codes and Standards Committee of 
fational Electrical Manufacturers Association (NEMA). 
he Committee has a chairman from the laboratories’ 
ersonnel. 

The members of the Part II Committee act as chairmen 
f one or more subcommittees which are authorized to 
smpile specifications. The working subcommittees con- 
st of representatives from the laboratories, the electrical 
dustry, and inspection departments. Specifications are 
rafted and circulated to industry for comment. A 
leeting, open to industry, is held. When agreement is 
‘ached, a final draft is compiled and considered by the 
art II Committee together with any minority reports. 
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If the committee passes it, the specification is considered 
by the Part I Committee and finally by a Main Committee 
of the association. If the latter passes the specification, it 
is authorized as a standard. This is considered to be a 
democratic procedure of compiling and authorizing 
standards because they receive the majority acceptance of 
industry, inspection, and allied interests. 

Much of the equipment examined and tested by the 
laboratories is not covered completely by a standard. 
Consequently the laboratories uses, with discretion, 
information from various other sources such as NEMA 
and AIKE. In some cases the laboratories invoke require- 
ments based on experience. 


THE APPROVALS LABORATORIES 


4 bs LABORATORIES have a staff of 130 people. The 
engineering department has over 50 technicians and 
engineers excluding field inspectors. 

The laboratories are set up in three groups: administra- 
tion, engineering, and inspection. The first looks after 
finance, records, annual agreements, plant, and so forth; 
the second, engineering and testing; and the third, field 
reinspection. Recent acquisition to the engineering group 
is the testing and examination of oil burners done formerly 
by the National Research Council. The electrical and 
mechanical engineers do the actual testing and examina- 
tion, aided by technicians. 

The method of handling prototype testing is as follows: 


1. Formal application is made by the submitter. 

2. A deposit fee is quoted and representative samples 
are requested (or arrangements made to visit the manu- 
facturer’s plant). 

3. A project is assigned to an engineering specialist 
who examines and tests the equipment, advises the sub- 
mitter of the alterations, and conducts correspondence and 
interviews, including examination of improved samples if 
required. To expedite the sale of equipment the labora- 
tories may grant interim approvals. Finally a report is 
completed and sent to an Approvals Council whose member- 
ship consists of the various chief inspectors in Canada. A 
favourable ballot constitutes formal approval. 

4, An agreement for annual factory reinspection is 
executed to maintain an approval on a yearly basis. 


Since the war an average of 1,700 applications annually 
have been received. 

The listings are set up in a card-filing system reflected in 
a list of approved devices in book form which at present 
consists of over 700 pages. ‘The listings are used by 
inspectors, manufacturers, and purchasing agents. Over 
11,000 approval numbers are in use, a few of which cover 
hundreds of separate submittals over a period exceeding 30 
years. There are over 33,000 files on approvals. Over 
1,100 separate applications are held by engineers on a daily 
basis of prospective work. Last year over 4,500 reinspec- 
tions of listed equipment were made at manufacturers’ 
plants. : 

A manifest of approval is required in the form of a num- 
ber, label, or monogram. Last year 15,000,000 labels were 
issued. Reinspections are made one or more times per 
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annum at the manufacturers’ plants in the United States, 
Canada, Great Britain, and Europe. 

With the great variety and complication in some applica- 
tions a “special” approval is used. This consists of a 
study of equipment, drawings, and engineering practice, 
and some tests at the submitter’s plant. Examples are 
the more complicated industrial controls, motors, cranes 
and hoists, and elevator equipment. The complete line 
then is listed on a broad basis. In testing and examin- 
ing for safety the procedure is as follows. ‘The sequence 
of the tests is laid down in the specifications. 


1. The rating is checked and it shall not exceed a 
permissible plus tolerance. It is obvious that inputs 
should not exceed their markings. As far as outputs are 
concerned, they are important depending on the applica- 
tion and Part I Code requirements. 

2. The normal operating temperatures of the various 
components are determined. 


Electrical Essay 


A 4-Point Network 


This essay presents a practical problem which comes 
up when measurements are taken of a portion of a power 
system on a network analyzer and it is desired to make an 
equivalent for that portion of the system. 

_ Figure 1 shows a box containing an unknown network. 


Figure 1 


Figure 2 


Lhe sterminal impedances <4. Sac, Kg ee cgay cane 
cp are measured and known. Determine the impedances 


of each of the branches 4,, Z4c, and so forth, in Figure 2 
‘so that the terminal impedances between corresponding 
‘terminals will be the same as found in Figure 1. 


LYLE A, DUNSTAN (M47) 


(Federal Power Commission, Washington, D. C.) 


Answer to Previous Essay 


A Distortion Network. The following is the author’s 
‘answer to his previous essay (EE, May ’57, p 451). 
From the solution of the linear operational equation 


R(pize § 


“Electrical Essays - 


/ 

3. The abnormal operating temperatures are 
tained. This is usually a fire-hazard test in some forr 
is peculiar to the laboratories. The reason for th 
obvious—usually fires are started by abnormal conditic 

4. Leakage currents are measured in some Cases, suc 
as radio receivers. 

5. The insulation resistance and dielectric stre neth — 
normal operating temperatures are noted. 

6. Miscellaneous tests are made depending on ~ 
nature of the appliance. 


This article has described briefly the basis and 
tions of the laboratories. The safety of the 
in the use of electric appliances is the mutual problem 
the manufacturer and inspector, with the laboratori 
acting as the instrument of the latter. The laboratori 
are conscious of their function, and in their dealings wi 
industry have endeavoured always to interpret coc 
requirements fairly and consistently. 


the current taken by the network when the switch is close 


is determined to be as follows: ; 
We aes 70) By 4 
i=— 1 = —sin 3t | 

Rp pout eR ; 


The current in the inductor 8L/3, the current in tl 
capacitor, and the voltage across the capacitor are express 
by the following equations respectively: 


: E ap ? [ome 

ip=-— a 

L 3R pu 3R sin wt 

f _ 82 wp ' Eye y ne 

oT 3R (pba) (P+ 9a8) RST M3 SB 
Dw? 2 E 

“c z — (cos 3wi—cos wt) 


| — 
(Pro P +908) 8 


At the instant the switch is opened on the crest of t 
applied voltage wave, all the above currents and # 
voltage. across’the capacitor are equal to zero. Thet 
therefore no energy stored in the network, either kit 
or potential, and the network will remain. de-energi 
that is, no oscillation will take place after the opening 
the switch. e194 ett 

The network is named a distortion network since 
current drawn by it is of a different frequency # 
applied voltage and the apparent power is entirely dis 
tion power, having no active or reactive components 


soos 5 
G (f 


A. A. KRONEBER' 
(Southern California Edison Company, Los Angel es, 


NOTE: In the May issue of Electrical Engineering 
the answer to Motionally Induced Electric Fields—I 
VI, page 452, Doctor Slepian said that he would postpo 
the answer to Question 2 until the June issue. As Do 
Slepian is ill, this answer will appear in a later issue. 
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POrrrurTe ACTIVITIES 


Vide Variety of Inspection Trips 


Planned for Summer General Meeting 


Plans for the technical and social program 
‘the Summer General Meeting to be held 
Toronto, Ontario, Canada, June 25-29, 
= now complete. Headquarters for the 
seting is the Royal York Hotel in down- 
wn ‘Toronto, where ample facilities have 
en reserved for the many technical sessions 
d for the entertainment and social events 
lich form such an important part of each 
mmer Meeting. 
Blocks of rooms have been reserved in the 
adquarters hotel and the King Edward 
atel, and other accommodations may be 
tained at the Prince George, Barclay, and 
alker House Hotels, which are within a 
€ minutes’ walk from the Royal York 
tel. 
Toronto is the industrial heart of Southern 
atario. It is a city of many cultural 
stitutions, such as the University of 
onto, the Royal Ontario Museum, the 
gyal Conservatory of Music, the Ontario 
lege of Education, and the Art Gallery, 
d many of its fine churches rank with the 
st in church architecture on the continent. 
lere are many recreational parks and 
aches within its environs. 
The technical program covers all phases 
electrical engineering, with particular 
yhasis on transmission and distribution. 
wo of the papers, on Electronic Power 
mverters and Printed Circuit Techniques, 
ve been prepared by members of the 
stitute who reside in the United Kingdom. 
At the Annual Meeting to be held at 
730 am. on Monday, June 25, the 
imme Medal will be presented to Donald 
‘Bohn, Chief Electrical Engineer, Alu- 


minum Company of America, by AIEE 
President LeClair. (See the story on the 
Lamme Medal on page 358 of the April 
issue of Electrical Engineering, and the bio- 
graphical sketch of Mr. Bohn on page 365 
of the same issue.) 


TECHNICAL PROGRAM 


On Monday afternoon following the 
opening luncheon, the technical program 


will be initiated with sessions on Distribu- 


tion, Electronic Power Converters, and 
Power Generation. At 2:00 p.m. the 
Vice-Presidents and District Secretaries 
will hold their annual conference. In the 
evening the Forum of Technical Committee 
Chairmen is scheduled for 7:30. 

On June 26 technical sessions on “Trans- 
mission, Hydroelectric Systems, Electronic 
Instruments, Safety, and Land Transporta- 
tion will be held. Concurrently, the dele- 
gates from each of the Sections will hold 
their annual conference at 9:30 am. In 
the afternoon there will be technical sessions 
on Making an Electronics Research Project 
Successful, Power, Land ‘Transportation, 
the Petroleum Industry in Canada, Statistical 
Methods, and Telemetering. 

On Wednesday sessions on Insulated 
Conductors, Carrier Current, Instruments 
and Basic Measurements, Wire Communica- 
tions, Electrostatic Processes, Protective 
Devices, Industrial Power Systems, and 
a Broad-Band ‘Transcontinental Radio 
Relay System are scheduled. In addition, 
the Students who have been awarded the 
District Branch Paper Prizes in the odd- 
numbered Districts will present their papers 


at 9:30 a.m. under the sponsorship of the 
Members-For-Life Fund. 

Technical papers on Switchgear, Trans- 
formers, Nucleonics, Mining and Metal 
Industries," Industrial Control, Manage- 
ment, Feedback Control Systems, and 
Metallic Rectifiers will be given on June 28. 

The technical sessions will be concluded 
Friday morning with papers on System 
Engineering, Computing Devices, Basic 
Sciences, Industrial Control, and a round- 
table conference session on Temperature 
Correlation. 


ROUND-TABLE CONFERENCE SESSION 


A round-table conference session to discuss 
the problems associated with the connection 
of insulated wires and cables with their 
relatively low thermal limits to electric 
equipment operating at higher temperatures 
will be the last technical session. This 
session is under the sponsorship of a project 
committee appointed by the Institute 
Standards Committee. 

This problem is not a new one but was 
spotlighted by the objections of the Edison ~ 
Electric Institute to a proposal by the 
Institute Switchgear Committee to increase 
the limiting temperature rise of switchgear 
assemblies, covered by AIEE Standard 
Number 27, from 30 degrees centigrade to 
35 degrees centigrade. As a result, the 
proposed increase was held up and the 
Standards Committee appointed a project 
committee to study the problem and, if 
possible, to resolve it. 

The project committee has prepared a 
progress report in the form of a guide which 
will be presented at the round-table con- 
ference session and which will serve as the 
basis of discussion from the floor. The 
purpose of the discussion is to resolve various 
temperature standards which have been in 


e Sir Adam Beck-Niagara Generating St 


mmission of Ontario, and officially opened on December 28, 
rsepower. Power generating equipment is here seen in v 


nadian Westinghouse Company, Ltd., at Hamilton, Canada. 
the Summer Gener 
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Institute Activities 


ation Number 1 (left) near Queenston, Canada, was constructed by the Hydro-Electric Power 
1921. The normal operating capacity of the plant is about 525,000 
arious stages of construction in a section of Plant Number 1 (right) of 
One of the many interesting inspection trips for members attending 
al Meeting in Toronto will be to Canadian Westinghouse 
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existence on switchgear, industrial control 
equipment, and other equipment, governing 
the temperature of outgoing terminals. 
Several values of temperature rise are 
specified in the various standards and the 
important consideration is how to terminate 
insulated wires and cable on such equipment 
so that the wires and cable will not overheat. 

A group of representatives from the 
various fields of activity who are competent 
to discuss the problem will be assembled. 
The round-table discussion will be strictly 
informal, no papers are to be presented, and 
the discussion will not be published. 


INSPECTION TRIPS 


A wide variety of trips and tours has been 
arranged during the meeting week. Mem- 
bers making the trips should wear their 
registration badges for identification pur- 
poses and it is not expected at this time that 
further identification will be necessary for 
access to the plants to be visited. 

A nominal fee will be charged for the 
transportation for most trips except where a 
specific fee has been listed with the trip 
description, in which case the specified 
fee will be charged to cover transportation 
and meals where the latter are scheduled. 


Canadian-Built Diesel Electric Locomotive 
(Monday, June 25, 11:00 am. to 6:00 
p-m.). The Canadian National Railways 
will have on exhibit in the Union Station 
yards across the street from the head- 
quarters hotel the first Diesel-electric loco- 
motive manufactured in Canada. Direc- 
tions will be available at the Trips Desk and 
guides will be at the exhibit to describe this 
locomotive. 


Hydro-Electric Power Commission of Ontario 
Laboratories (Monday, June 25, 2:00 p.m.). 
The Hydro-Electric Power Commission of 
Ontario, the provincially owned power 
authority which generates and transmits 
most of the power developed in Ontario, 


————————— ——— 


Future AIEE Meetings 


Summer General Meeting 

Royal York Hotel, Toronto, Ontario, Canada 
June 25-29, 1951 

(Final date for submitting papers—closed) 


Pacific General Meeting (page 547) 
Multnomah Hotel, Portland, Oreg. 
August 20-23, 1951 

(Final date for submitting papers—closed) 


AIEE Conference on Aircraft Equipment 
Hollywood Roosevelt Hotel 

Los Angeles, Calif. 

October 8-10, 1951 


AIEE Conference on Fractional Horse- 
power and Motor Applications to Re- 
frigeration Equipment and Pumps 
Dayton, Ohio 

October 11-12, 1951 


Fall General Meeting 

Hotel Cleveland, Cleveland, Ohio 
October 22-26, 1951 

(Final date for submitting papers—June 22) 


Winter General Meeting 

Hotel Statler, New York, N. Y. 

January 21-25, 1952 

(Final date for submitting papers—October 23) 


542 


operates one of the most modern and com- 
plete research laboratories in Canada at 
its Strachan Avenue premises. Many sig- 
nificant electrical developments, including 
an ultrasonic device for testing large concrete 
structures, a pulse-type fault locator for 
high-voltage transmission _ lines, and a 
bolometer can be seen at the laboratory. 
Transportation will be provided by bus. 


Toronto Rapid Transit System (Tuesday, 
June 26, 9:00 am.). The Toronto Trans- 
portation Commission is presently building 
the first subway for a municipal transporta- 
tion system in Canada. Much of the 
excavation of the combined tunnel and 
open-cut construction has already been 
completed and sections close to the Royal 
York Hotel are already poured in concrete. 
A conducted tour will be made of this 
project which is being constructed beneath 
the false decks of Toronto’s busiest thorough- 
fares. The trip will terminate in the Com- 
mission’s Hillcrest Shops which are among 
the finest on the continent and are recognized 
by electrical maintenance engineers for 
the efficient dispatch with which electrical 
maintenance and repairs are effected on 
Toronto’s 1,700 transportation units. This 
tour will start from the Commission’s offices, 
one block from the hotel. 


Canadian General Electric Company and 
Ferranti Electric Limited (Tuesday, June 26, 
9:00 a.m.). For those interested in large 
transformer design, a choice may be made 
of visiting the transformer plant of the 
General Electric Company or the Ferranti 
Electric Limited. In their Davenport works, 
the General Electric Company manufac- 
tures power transformers, distribution trans- 
formers, and specialty transformers. A 
demonstration of artificial lightning by 
means of a 3,000,000-volt impulse generator 
will be made. The Canadian branch of 
Ferranti Limited (England) designs and 
manufactures transformers, watt-hour meters, 
and a unique type of voltage regulator in 
all ratings. X-ray equipment is also manu- 
factured. Members will be conducted to 
whichever plant they choose by bus. 


Canadian Westinghouse Electric Company and 
Steel Company of Canada (Tuesday, June 26, 
1:00 p.m.). These plants are located in 
Hamilton, one hour’s drive from Toronto. 
Members will have a choice of the plant 
to be visited, as it will not be possible to 
cover both plants in the same afternoon. 
The Westinghouse plant manufactures some 
of the largest central station equipment in 
the world, including generators, motors, 
power transformers, and circuit breakers. 
This tour also will include the Westinghouse 
Research and Development Laboratory, 
which is the largest and most up-to-date 
industrial laboratory in Canada and has 
physical, chemical, electrical, and mechanical 
facilities. The Steel Company of Canada 
is the largest steel mill in Canada. Visitors 
will see the huge blast furnaces, coke ovens, 
open hearth furnaces, blooming and billet 
mills, bar mills, plate mills, and electrolytic 
tinning mills, as well as the electric controls 
and drives for the new 15,000-horsepower 
cold rolling mill capable of producing 3,000 
feet of sheet per minute. Transportation 
will be by bus and the charge will be $1.50 
per person. 


New Avro Jet Transport (Tuesday, June 
26, 2:00 p-m.). An opportunity will be 
provided to inspect the first jet-driven 
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A 
/ 


passenger transport manufactured « 
continent. This plane, / designed 
A. V. Roe Company, recently has n 
number of record-breaking trial flig 
the United States and Canada, cutti: 
airline schedules in half. The trip is conc 
tional on this aircraft being in Toronto 
this date or some other date during the wee 
and members must inquire at the Ts 


Desk for the actual date and time. 
portation will be by bus. 


Bell Telephone Company's Elgin Buildi 
(Tuesday, June 26, 2:00 p.m.). Visite 
will see the largest long-distance swite 
board installation in Canada, Inw 
outward, and tandem switchboards totalli: 
479 positions provide the long-distan 
service for Toronto’s 425,000 telepho 
stations. Terminating equipment in t 
toll terminal room provides for 2,300 t 
circuits, including 600 K carrier telepho 
circuits operating through a vast netwo 
of cables linking the major telephone cents 
in Canada and the United States. T) 
building also contains five units of stey 
step dial equipment. Guides will esec 
members from the headquarters hotel to t 


telephone center close by. ‘+ 


Niagara Falls and the Welland Canal—A 
Day Trip (Wednesday, June 27, 9:00 a.m 
Niagara Falls will be visited in the mornir 
Luncheon will be taken at Queenst 
Heights, a historic park of national interest 
both Canadians and Americans. ‘The 3 
turn trip will be by way of the Wella 
Canal where the largest twin flight locks 
the world will be inspected at Thoro 
These are a duplication, side by side, of thi 
successive gigantic locks so constructed as 
permit up-bound and down-bound I 
and ocean-going vessels to pass without del: 
The trip will be made by bus and the char 
will be $4.50 per person, including lunchec 


Dunlap Observatory (Wednesday, June: 
8:30 p.m.). Canada’s largest observa 
associated with the University of Toror 
is located 15 miles north of Toronto. 1 
trip should appeal to both members and tl 
ladies. The Observatory Staff has arrang 
a conducted tour, and, weather permitti 
the visitors will be able to examine 1 
heavens through the observatory’s 74-in 
reflecting telescope. It is expected # 
Dr. Helen Hogg, one of the foremost wom 
astronomers in the world, will be in 
tendance to welcome the ladies in the p 
Transportation will be by bus from the ho 
and the charge will be $1.00 per person 


Canadian General Electric Company, Pet 
borough—All-Day Trip (Thursday, Je 
28, 8:30 a.m.). Located 90 miles north 
of Toronto, this mammoth Canadian af 
of the General Electric Company 


100,000 kva, and units for many of 
major power developments currently 
progress in Canada are being assel 
here. This trip will include a view of 
highest marine lift lock in the world. Lu 
will be provided through the courtesy of 
Canadian General Electric Comp 
Transportation will be by car and the cha 
will be $1.50 per person. 


Leaside Industrial Plants (Thursday, J 
28, 2:00 p.m.). Leaside, in the east en 


(Continued on page 545) 
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Tentative Technical Program 


Summer General Meeting, Toronto, Canada, June 25-29 


onday, June 25 


(00 a.m. Opening Ceremony 


Annual Meeting 


Report of Board of Directors. H. H. Henline, 
retary. 


:30 a.m. 


Report of Treasurer. W. I. Slichter. 
Report of Committee of Tellers on: 
Votes for nominees for AIEE offices. 
Proposed Constitutional amendments. 


(a) Introduction of, and presentation of President’s 
ige to, F. O. McMillan. 


Response by Professor McMillan. 


Presentation of Lamme Medal to Donald I. Bohn, 
ief Electrical Engineer, Aluminum Company of 
1erica. 


The Establishment of the Medal. A. H. Kehoe, 
airman, Lamme Medal Committee. 


The Career of the Medalist. Thomas D. Jolly, 
ce-President and Chief Engineer, Aluminum Company 
America, 


Presentation of Medal and Certificate by President 
Clair. 


| Response by Mr. Bohn. 
Any other business that may be presented. 
The Power to Progress, President T. G. LeClair. 


00 p.m. Distribution 


193. Economic Primary Circuit Design Beneficially 
adied by Unit System. D.K. Blake, General Electric 
mpany 

“194. The Linascope Transmission Line Fault 
eator. K. H. Kidd, The Hydro-Electric Power Com- 
ssion of Ontario 


195. Current Carrying Capacity of ACSR Con- 
ictors. J. H. Waghorne, V. E. Ogorodnikov, The Hydro- 
ectric Power Commission of Ontario 


».** Design Features of Rural Electrification in 
atario. R. E. Jones, The Hydro-Electric Power Com- 
ssion of Ontario 


00 p.m. Electronic Power Converters 


-206. Inductive Co-ordination Aspects of D-C 
stems Supplied by Rectifiers. Working Group on 
port of Inductive Co-ordination Aspects of D-C Systems 
bplied by Rectifiers 

-207——ACO.* Equivalent Machine Constants for 
sctifiers. JI. K. Dortort, I-T-E Circuit Breaker Com- 
Dy. 


-209——ACO.* Some British Electronic Power Con- 
rters. J. E. Boul, English Electric Company, Ltd. 


-210. Analysis of the Three-Phase Inverter with 
ssistive Load. R. E. Turkington, Massachusetts In- 
tute of Technology 


-211. Commutating Reactor Control for Mechani- 
| Rectifiers. E. J. Disbold, I-T-E Circuit Breaker 
ympany. Presentation by title only for discussion 


-212. Development of a Pumpless Ignitron. C.C. 
skind, E. J. Remscheid, General Electric Company. 
esentation by title only for discussion 


-227. Basic Heat-Transfer Data in Electron Tube 
peration. Mrs. F. F. Buckland, General Electric 
mpany 


00 p.m. Power Generation 


2,*& Simplified Measurement of Subtransient and 
bgative Sequence Reactances in Salient Pole Syn- 
ronous Machines. F. K. Dalton, A. W. W. Cameron, 
1¢ Hydro-Electric Power Commission of Ontario 


ACO: Advance copies only available; not intended 
‘publication in Transactions. 


‘CP: Conference paper; no advance copies are avail- 
le; not intended for publication in Transactions. 


INE 1951 


cP,.** Differential Movement of Stator Coils and 
Iron in Turbine Generators. M.D. Ross, E. I. King, 
M. M. Matthews, Westinghouse Electric Corporation 


51-196. Static Magnetic Exciter for Synchronous 
Alternators. H. F. Storm, General Electric Company 


51-197. Elements of System Capacity Requirements, 
C. W. Watchorn, Pennsylvania Water and Power Com- 
pany 


51-198. Determination of Reserve Capacity by the 
Probability Method—Effect of Interconnections. G. 
Calabrese, New York University. Presentation by title 
only for discussion 


Tuesday, June 26 


9:30 a.m. 


51-203. Transmission Systems of the Hydro-Electric 
Power Commission of Ontario. J. E. Sproule, F. L. 
Code, The Hydro-Electric Power Commission of Ontario 


51-204. Analysis of Total and Incremental Losses in 
Transmission Systems. L. K. Kirchmayer, General 
Electric Company; G. W. Stagg, American Gas and 
Electric Service Corporation 


Transmission 


51-205. The Torsional Damper for Conductors— 
Service Experience and Further Experimental Work. 
T. J. Burgess, A. D. Hogg, The Hydro-Electric Power 
Commission of Ontario 


CP,** Line Outages on Transmission Lines of 100 
Ky and Above. Joint AIEE-Edison Electric Institute 
Subcommittee 


9:30 a.m. 


51-213—ACO.* The Progressive Development of 
Hydro-Electric Stations on the Upper St. Maurice 
River. E. V. Letpoldt, The Shawinigan Engineering 
Company, Ltd. 


51-214—ACO.* Prime Mover Equipment in New 
Ottawa River Developments at Des Joachims, Chen- 
aux, and La Cave for the Hydro-Electric Power Com- 


Hydroelectric Systems 


—PAMPHLET reproductions of 
authors’ manuscripts of the num- 
bered papers listed in the program 
may be obtained from AIEE Order 
Department, 33 West 39th Street, 
New York 18, N. Y., as noted in the 
following paragraphs. 


—PRICES for papers, irrespective 
of length, are 30 cents to members 
(60 cents to nonmembers) whether 
ordered by mail or purchased at 
the meeting. Mail orders are ad- 
visable, particularly from out-of- 
town members, as an adequate 
supply of each paper at the meeting 
cannot be assured. Only numbered 
papers are available in pamphlet 
form. 


—COUPON books in nine-dollar 
denominations are available for 
those who may wish this convenient 
form of remittance. 


—THE PAPERS regularly ap- 
proved by the Technical Program 
Committee ultimately will be pub- 
lished in Proceedings and Trans- 
actions; also, each is scheduled to 
be published in Electrical Engineer- 
ing in digest or other form. 


————— nnn 


Institute Activities 


mission of Ontario. A. E. Aeberli, G. F. Simson, The 
Hydro-Electric Power Commission of Ontario 


CP.** Planning and Design of Beauharnois Power- 
house Number 2. H. F. Abbott, Beauharnois Light, 
Heat and Power Company 


51-216—-ACO.* Modern Trends in the Design of 
Vertical Waterwheel Generators. C. M. Laffoon, 
E. C. Whitney, R. A. Baudry, Westinghouse Electric 
Corporation 


9:30a.m. Joint Subcommittee on Elec- 
tronic Instruments 


51-217. On the Mechanics of Magnetic Amplifier 
Operation. R. A. Ramey, Naval Research Laboratory 


CP.** Anodige, an Electrical Analogue-to-Digital 
Converter. M. L. Kuder, National Bureau of Standards 
CP.** A Sweep Frequency Generator for the UHF 


Television Band. John Cornell, Radio Corporation of 
America, Victor Division 


51-218. A Servo System for Heterodyne Oscillators. 
T. Slonczewski, Bell Telephone Laboratories, Inc. 


9:30a.m. Safety 
51-281. Electric Shock. Wills Maclachlan, Maple, 
Ontario, Canada 


51-282. Electric Insect Traps. C. F. Dalziel, Uni- 
versity of California 


9:30a.m. Land Transportation 


51-220. Economic Factors Which Influence Diesel- 
ization and Electrification. Charles Kerr, Jr., Westing- 
house Electric Corporation 


CP.** Railway Electrification, Diesel-Electric Loco- 
motives and Some Future Aspects of Electric Traction. 
G. Huldschimer, College of the City of New York 


51-221. Economic Evaluation of Fuel and Energy, 
Sources for Railway Motive Power. 7. M.C. Martin, 
Bonneville Power Administration 


51-222—ACO.* Railway Electrification—A Pros- 
pective Consumer of Central Station Power. Llewellyn 
Evans, Tennessee Valley Authority 


2:00 p.m. Power 


51-223. Brief Description on Static Power Condens- 
ers for High Voltage Use in Japan. KX. Kitagawa, 
Sumitomo Electric Industries, Ltd.; JT. Omori, Nissin 
Electric Company, Ltd. 


51-224. Line Insulator Loss Under Normal Condi- 
tions—500-Kv Test Project of the American Gas and 
Electric Company. O. Naef, American Gas and Elec- 
tric Service Corporation; R, L. Tremaine, A. R. Jones, 
Westinghouse Electric Corporation 


51-225. Tensorial Analysis of Integrated Trans- 
mission Systems—I—The Six Basic Reference Frames. 
Gabriel Kron, General Electric Company 


51-226. Determination of Instantaneous Currents 
and Voltages by Means of Alpha, Beta, and Zero 
Components. W. C. Duesterhoeft, Edith Clarke, Uni- 
versity of Texas; M. W. Schulz, Jr., General Electric 
Company 


2:00 pm. Making an Electronics Re- 


search Project Successful 


CP.** Teamwork in Research Produces the Fluor- 
icon. J. W. Coliman, Westinghouse Electric Corporation 


CP.** Getting Results from Research in Electronics. 
E. H, Schulz, Armour Research Foundation 


CP.** Some Case Histories of Electronic Research. 
R. M. Bowie, Sylvania Electric Products, Inc. 


CP.** The Transistor—A Case History in Research 
and Development. J. B. Fisk, Bell Telephone Lab- 
oratories, Inc. 


2:00 p.m. The Petroleum Industry in 
Canada 


CP.** The Development of the Petroleum Industry 
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in Canada. J. F. Fairlie, Imperial Oil Limited 


CP.** Features of a Gas Turbine Centrifugal Com- 
pressor Station for Gas Line Pumping. J. S. Quill, 
General Electric Company 


CP.** Electric Installations in a Refinery. A. K. 


Meen, British American Oil Company 


CP.** Submergible Pumps for the Petroleum Indus- 
try. Joe Carle, Reda Pump Company 


2:00 p.m. 


51-228. 
Automatic Calibration. 
Northrup Company 


51-229. Choice of Telemetering Systems and Chan- 
nels for a Power System. C. K. Duff, The Hydro- 
Electric Power Commission of Ontario 


CP.** FM/FM Telemetering. Leroy Walters, The 
Johns Hopkins University 


CP.** Recent Developments in Miniaturized PDM/ 
FM Telemetering. A. N. Hill, Jr.. ASCOP 


CP.** A Historical Review of Telemetering. P. A. 
Borden, The Bristol Company; W. J. Mayo-Wells, The 
Johns Hopkins University 


Telemetering 


A High Speed Telemetering System with 
W. £. Phillips, Leeds and 


2:00 p.m. 


51-230. Rapid Transit Developments in Toronto. 
J. G. Inglis, Toronto Transportation Commission - 


51-231—ACO.* Conversion of 3,000-Volt D-C 
Locomotive for Operation on 600 Volts. F. D. 
Gowans, General Electric Company 


Land Transportation 


51-232. Regeneration with a Mercury Arc Rectifier 
on the Central Railway of Brazil. A. Schmidt, Jr., 
General Electric Company 


51-185. Power Supply Study, and. New Rectifier 
Installation for the United Electric Railways of Provi- 
dence. W. C. Whitman, F. F. Schaller, New England 
Power Service Company. Presentation by title only for. 
discussion 


2:00 p.m. Conference on Statistical 


Methods 


51-283—ACO.* The Quality Control 
C. J. Falk, General Electric Company 


Indicator. 


CP.** Applications of Statistical Methods and 
Specifications and Tests of Electronic Equipment. 
Leon Bass, General Electric Company 


CP.** Applications of Statistical Methods in the 
Hydro-Electric Power Commission of Ontario. E. L. 
Hartman, The Hydro-Electric Power Commission of 
Ontario 

mIhila? ¢ 


Wednesday, June 27 


9:30 a.m. Insulated Conductors 


CP.** Underground Domestic Distribution—Status 
in Canada. P. J. Croft, Canada Wire and Cable Com- 
pany, Inc. . 


51-233. Electrical Characteristics of a Three-Phase 
Delta Submarine Power Cable Circuit Using Earth as 
One Conductor. F. O. Wollaston, British Columbia 
Electric Railway Company, Ltd. 


51-234, F-3 Lead Alloy Cable Sheath—Effect of 
Bending and Creep on Life. L. F. Hickernell, A. A. 
Jones, C. J. Snyder, Anaconda Wire and Cable Com- 
pany 

51-235. Cables for Vertical Risers. WW. T. Peirce, 
American Steel and Wire Company 


9:30 a.m. 


51-236. Carrier Current Supervisory System for 
Distribution Circuits. L. Podolsky, S. Lubin, Sprague 
Electric Company 


Carrier Current 


51-237. Application of Power Line Outage Monitor. 


J. F. Atkinson, Rural Electrification Administration;. 


J. D. Cooke, Central Virginia Electric Co-operative 
51-188. Signal and Supervision Systems Used on 


Carrier Current Communications Circuits. R. L. 
Mayer, Pacific Gas and Electric Company 
CP.** Microwave Communication Systems. F. M. 


Rives, General Electric Company 
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9:30 a.m. Basic Instruments 


51-238. A Tachometer for Measurement of Instan- 
taneous Variations in Angular Velocity. S. P. Bariles, 


_ Eastman Kodak Company 


51-239. A Magnetic Tape Oscillograph for Power 
System Analysis. H.C. Schurch, F. R. Schleif, Bureau of 
Reclamation 


51-240. Some Engineering Applications of the 
Electrolytic Field Analyzer. H. K. Farr, W. R. Wilson, 
General Electric Company 


51-219. A Multi-Purpose Bridge-Type Phasemeter. 
G. A. Armstrong, Vancouver, British Columbia 


9:30 a.m. Wire Communications 


51-241—ACO.* Preservative Treatment of Poles. 
H. F. Bush, A. R. Colman, The Bell Telephone Company 
of Canada 


51-242. A Practical Application of Low Frequency 
Magnetic Induction Theory. R. N. E. Haughton, The 
Bell Telephone Company of Canada 


CP.** Canadian National Telegraph’s Communica- 
tion System. R. B. Steele, Canadian National Tele- 
graphs 


9:30 a.m. Electrostatic Processes 


51-199. Electrostatic Sources of Ionizing Energy. 
J. G. Trump, Massachusetts Institute of Technology 


51-200. Particle Charging in Electrostatic Precipita- 
tion. H. J. White, Research Corporation 


51-201. Electrostatic Precipitation of High-Resis- 
tivity Dust. G. W. Penney, Carnegie Institute of Tech- 
nology 


51-202. Distribution of Charge in Electrostatic 
Separation. Foster Fraas, O. C. Ralston, Bureau of Mines 


2:00 p.m. Protective Devices 
51-190. The Duty on Lightning Arresters for A-C 


Systems. Edward Beck, Westinghouse Electric Corpora- 
tion 

51-278. Long-Duration Surge Testing of Lightning 
Arresters. S. B. Howard, T. J. Carpenter, H. Schwartz, 


General Electric Company 


51-189. Spiral Arc Chokes Power Flow in New 
Arresters. Otto Ackermann, E. J. DeVal, Westinghouse 
Electric Corporation 


51-285—ACO.* Lightning Arrester Application 
Guide—Preliminary Working Group Report. Project 
Committee on Application Guide of Methods for Lightning 
Protection of Substations 


51-279. Transmission and Distribution Grounding 
in the Hydro-Electric Power Commission of Ontario. 
W. W. Loucks, W. A. R. Lemire, The Hydro-Electric 
Power Commission of Ontario : 


51-280. Standardization of Ratings of Neutral 
Grounding Reactors. J.L. Thomason, General Electric 
Company. Presentation by title only for discussion 


2:00 p.m. 


51-187. A Study of Carrier-Frequency Noise on 
Power Lines—Part I. Theoretical Considerations 
and Measuring Techniques. R. C. Cheek, J. D. 
Moynihan, Westinghouse Electric Corporation 


51-245. A Study of Carrier-Frequency Noise on 
Power Lines—Part II. Results of Field Measure- 
ments, R. C. Cheek, J. D. Moynihan, Westinghouse 
Electric Corporation 


Carrier Current 


51-246. Transmission Considerations in the Co- 
ordination of a Power Line Carrier Network. G. E. 
Burridge, A. S. G. Jong, The Hydro-Electric Power Com- 
mission of Ontario 


51-244, British Developments and Applications of 
Carrier Current Principles for Operating Require- 
ments of Power Utilities. W. D. Goodman, General 
Electric Company, Ltd. < 


51-192. Measurements and Tests on a Power Line 
Carrier Relaying System. R. H. Miller, A. R. Worth- 
ington, Pacific Gas and Electric Company. Presentation 
by title only for discussion 


2:00 p.m. 


51-182. Improvements in Transformer-Loss Com- 
pensators for Watt-Hour and Var-Hour Meters.’ G. 
B. Schleicher, Philadelphia Electric Company 


Basic Instruments 


51-183. The Induction Galvanometer, A Sensitive. 


Institute Activities 


Instrument Converter. &. W. Gilbert, Weston 
trical Instrument Corporation _ 


51-184—ACO.* Unbalance Measurements of F 
Branch Networks. B. M. Wojciechowski, Wes 

tric Company ~ 

51-186. Results of a Questionnaire Covering Ci 
rent Practices in Electrical Tests on Dielectrics in th 
Field. Subcommittee on Electrical Tests on Dielectrics ; 
the Field. Presentation by title only for discussion _ 


51-247. The Hot Spot Rise Simulator. C. F. 
V. V. Mason, The Hydro-Electric Power Commission « 
Ontario % 


2:00 p.m. Instruments and Measu: 
ments and Transformers — 


51-247. The Hot Spot Rise Simulator. C. F. Boo. 
V. V. Mason, The Hydro-Electric Power Commission « 
Ontario 4 


Industrial Power sytem 


2:00 p.m. : 
€ 

51-248. Protective Relaying on Industrial Powe 

Systems. C. M. Lathrop, C. E. Schleckser, Standard O 


Development Company 


51-249—ACO.* An Industrial Power Distributio 
System. H. W. deSalis, Canadian Westinghouse Co 
pany, Ltd.; J. D. Abell, International Harvester 
pany of Canada, Ltd. 


CP.** A Design of a Canadian Petroleum R 
Power System. James Guthrie, Imperial Oil 
H. C. Mayo, Kellogg Company 


51-250. Industry Plant Power Sources. R. 3 
Woodruff, Aluminum Ore Company. Presentation t 
title only for discussion 4 


CP.** A Down-to-Earth Discussion of Ind 
System Neutral Grounding as Influenced by 
voltages. R. H. Kaufmann, General Electric 


51-251. Problems Confronting the Designer i 
Starting Large Motors. C. M. Lathrop, C. E. Schleckse 
Standard Oil Development Company t 


51-252. High Voltage Motor Controllers 
nated with Distribution Switchgear. T. B. 
gomery, T. H. Bloodworth, Allis-Chalmers Manufact 
Company. Presentation by title only for discussi 


2:00 p.m. A Broad-Band Transcontiner 


tal Radio Relay System 


CP.** Transcontinental Radio Relay System. ~ ‘ 
Grieser, A. C. Peterson, Bell Telephone Laboratories, Inc. 


CP.** Unattended Radio Relay Repeater. 
Friis, K. D. Smith, Bell Telephone Laboratories, inc 


CP.** FM Broad-Band Radio Relay Terminal. 
G. Chaffee, J. B. Maggio, Bell Telephone Laborato} 
Ine. 


2:00 p.m. Insulated Conductors 


51-253, The Determination of Temperature 
ients on Cable Systems by Means of an 
Computer. J. H. Neher, Philadelphia Electric C 
pany 

CP.** Rapid Measurement of the Thermal 
sistivity of Soil. V. V. Mason, M. Kurtz, The Hydr 
Electric Power Commission of Ontario 


51-254, Voids, Ionization and Wax im Solid Hig 
Voltage Cables. #. J. Pohnan (Deceased). Prese 
tion by A. L. Brownlee, Commonwealth Edison G 2 
pany 
CP.** Surface Discharges from Cable Sheaths a1 
Their Relation to Electric Shock. E. W. Greenfié 
Anaconda Wire and Cable Company 


Thursday, June 28 


9:30a.m. Switchgear 


51-255—-ACO.* Field Tests on Single Tank 138 
2,500-Mva Oil Circuit Breaker. G. W. N. Fiizger 
The Hydro-Electric Power Commission of Ontat 
D. F. Rankine, Canadian General Electric Compan 


51-256. Field Tests at Grand Coulee Dam on 10,{ 
Mva 230-Kv Low Oil Content Impulse Ci 
Breaker. A. F. Darland, C. L. Killgore, Bureau of Re 
mation; C. J. Balentine, E. B. Rietz, General Ele 
Company 


51-257. Interrupting Capacity Veerificati 
10,000,000-Kva 230-Ky Oil Circuit Break 
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and Coulee Power Plant. A. F. Darland, W. H. 


gelt, Bureau of Reclamation; W. M. Leeds, Westing- 
as¢ Electric Corporation 


258. Operation of Bushings in Carbonized Oil. 
_ R. Wilson, L. Wetherill, General Electric Company. 
esentation by title only for discussion 


30 a.m. 


-259. Operating Problems of Forced Oil Forced 
r Cooled Transformers, A. L. Hough, The Shawini- 
n Water and Power Company 


Transformers 


-208. Inhibited Oils for Transformers. Herman 
ilperin, H, A, Adler, Commonwealth Edison Company 


-260. Relative Performance of Normal Oils with 
d without DBPC Inhibitor in Semisealed Trans- 


mers. E. D. Treanor, E. L. Raab, General Electric 
mpany 


-261—-ACO.* Field Screening Test for Judging 
e Condition of Used Insulating Oils. R. G. Call, 


. L. Webb, American Gas and Electric Service Cor- 
ration 


30 a.m. 
-262. A Portable Electronic Pile Kinetic Simu- 
for. Walter Pagels, Westinghouse Electric Corporation 


p.*#* The Chalk River N.R.X. Nuclear Reactor in 
peration. D.G. Hurst, National Research Council 


Nucleonics 


p.** The 70-Mev Synchrotron at Queens Uni- 


sity. J. A. Gray, Queens University; R. N. Edwards, 
eneral Electric Company 


30 a.m. Metal Industry 


P.** The Co-ordination of Control and Drive 
juipment on Electric Travelling Crane Bridges. 
, C. McGrady, Steel Company of Canada 


-263. A Heavy Duty Slip Regulator for Steel Mill 
rvice. W. Schaelchlin, G. E. Mathias, Westinghouse 
ectric Corporation 

P.** Rotating Regulator Applications in the Steel 


id Allied Metal Working Industry. W. R. Harris, 
‘estinghouse Electric Corporation 


P.** Types of Fault Indicating Control Used with 
o-ordinated Electric Drives for Steel Mills. R. L. 
oulton, General Electric Company 


730 a.m. 


P.** Human Relations—Challenge to Manage- 
ent and to the Social Sciences. V. W. Balden, The 
niversity of Toronto 


Management 


P.** Measurement and Management. R. Pres- 


ave, York Knitting Mills Limited 


:00 p.m. Relays and Transformers 


|-264. The Application of Class-H Insulation to 
ransformers. dM. L, Manning, Pennsylvania Trans- 
rmer Company - 

P.** Design Requirements for Large H.V. Power 
transformers, W. G. James, Westinghouse Electric 
orporation 

P.** Calculation of Overvoltages in Series Satu- 
able Circuits. A. Boyajian, G. Camilli, General Electric 
ompany 

P.t* Transient Characteristics of Capacitance 


otential Devices. Subcommittee on Instrument Trans- 
rmers 


l-284. Operating Experience with Ground Dis- 
nce Relays. M. P. Osburn, P. L. Dandeno, The 
ydro-Electric Power Commission of Ontario 


1-265—ACO.* Temperature Testing of Trans- 
mers by Load Back Methods. M. C. Hughes, 


a 


Agricultural and Mechanical College 


51-266. The Inrush of Magnetizing Current in 
Single-Phase Transformers, L. A. Finzi, Carnegie 
Institute of Technology; W. H. Mutschler, Jr., Allis- 
Chalmers Manufacturing Company. Presentation by 
title only for discussion 


of’ Texas 


2:00 p.m. Feedback Control Systems 


CP.** The Use of Feedback Systems for the Control 
of Anesthesia. R. G. Bickford 


CP.** An Electronic Apparatus for the Study of the 
Human Operator in a One-Dimensional Closed-Loop, 
Continuous Pursuit Task. C. E. Warren, P. M. Fitts, 
J. R. Clark 


51-267. Synthesis of Feedback Control Systems by 
Means of Pole and Zero Location of the Closed Loop 
Function. MM. R. Aaron, Philadelphia, Pa. 


51-268. Stability of Varying-Element Servomecha- 
nisms with Polynomial Coefficients. M. J. Kirby, R. 
M. Giulianelli, Sperry Gryoscope Company 


51-269. Servomechanism Transient Performance 
from Decibel-Log Frequency Plots. H. Harris, Jr., 
M. J. Kirby, E. F. von Arx, Sperry Gyroscope Company. 
Presentation by title only for discussion 


51-270—ACO.* A Direct Reading Phasemeter for 
Use in Sinusoidal Measurements on Carrier-Type 
Servomechanisms. R. J. Amorosi, Sperry Gyroscope 
Company; W. E. Meserve, Cornell University 


51-271—ACO.* An Electro-Mechanical A-C Line 
Voltage Stabilizer. D. M. Murray, N. L. Kusters, 
National Research Council 


2:00 p.m. Mining and Metal Industry— 


Industrial Control 


CP.** The Part That A Program of Continued Edu- 
cation Can Play in the Mining Industry. G. T. 
Harley, International Minerals and Chemical Corpora- 
tion 


CP.** Amplidyne Mine Hoist Control. 
joy, Genera] Electric Company 


51-272. Analysis of Power Costs of Bituminous Coal 
Mines. H. P. Musser, West Virginia Engineering Com- 
pany. Presentation by title only for discussion 


W. T. Fan- 


CP.** Electrical Phase of Copper Mining at Nor- 
anda. C. W. Justice, B. C. Rochester, Noranda Mines, 
Ltd. 


CP.** Electrical Applications in the Mining Opera- 
tions of International Nickel Company. JI. J. Simcox, 
International Nickel Company 


2:00 p.m. Metallic Rectifiers 

51-273. Metallic Rectifiers in Telephone Power 
Plants. D. E. Trucksess, Bell Telephone Laboratories, 
Ine. 


CP.** Selenium Rectifiers for Self-Saturating Ampli- 
fiers, J. R. Conrath, Vickers, Inc. 


CP.** Selenium Rectifiers as Power Supply and 
Selective Circuits in Business Machines. J. L. Wagner, 
International Business Machines Corporation 


CP.** Selenium Rectifier Production. G. Ramsey, 
Fansteel Corporation 


CP.** Magnesium Copper Sulphide Rectifiers in 
Resistance Welding Machines. M. F. Gamble, P. R. 
Mallory Company 


51-274. Transient Conditions in a Transformer 
Supplying Energy to a Half-Wave Rectifier Circuit. 
P. N. Martin, Union Switch and Signal Company 


Friday, June 29 


9:30 a.m. 


Colfax Stability Tests. (Motion Picture). A. P. Hay 
ward, Duquesne Light Company 


System Engineering 


CP.** Voltage Control on an A-C Power System. 
H. B, Smith, Niagara Mohawk Power Corporation 


51-275—-ACO.* Savings from Generator Bus Volt- 
age Regulation in Conjunction with Automatically 
Controlled Capacity. D. R. Pattison, F. M. Reed, 
Pennsylvania Electric Company 


CP.** Operations of A-C Networks, Kansas City 
Power and Light Company. D. H. Cameron, H. W. 
Phillips, Kansas City Power and Light Company 


CP.** Control of Voltage on a Hydro-Electric Power 
System. J. M. Crawford, J. A. Smith, Shawinigan 
Water and Power Company 


CP.** Control of Voltage Levels and Megavar Flow 
on 230- and 115-Kv Systems of the Hydro-Electric 
Power Commission of Ontario. P. L. Dandeno, H. W. 
Nablo, The Hydro-Electric Power Commission of On- 
tario 


9:30 a.m. Computing Devices 


CP.** The University of Toronto Model Digital 
Computer. J. Kates, University of Toronto 


CP.** Notes on the Design of Eccles-Jordan Flip- 
Flops. M. Rubinoff, University of Pennsylvania 


CP.** A Graphical Method of Flip-Flop Design. 
R. F. Johnston, A. G. Ratz, University of Toronto 


CP.** Some Applications of the Additron. 
Cranston, G. C, Helwig, Ferranti Electric Ltd. 


51-276. The Scotch Plaid Raster. J. Kates, V. G. 
Smith, University of Toronto 


CP.** A Multiplying Counter. E. J. Miller, Royal 
Canadian Navy 


Fly BS 


9:30 a.m. Basic Sciences 


51-277. Method for the Determination of Hysteresis 
Loop Area. W’. B. Conover, General Electric Company 


CP.** Analogous Structural-Electrical Energy Re- 
lationships. F. L. Ryder, Perkin-Elmer Corporation 


51-191. A New Method for Treating Electron Tubes 
When Used as Oscillators in the Free as Well as in the 
Synchronised States. A. El-Samie Mostafa, Farouk I 
University; M. El-Shishini Bey, Member of Egyptian 
Senate 


9:30 a.m. Industrial Control 


CP.** The Influence of Application Requirements 
on Control Design. K. A. Rapsey, Square D Company 
of Canada, Ltd. 


CP.** Rheostatic Control of Shunt Fields. C. A. 
MacPherson, Canadian Controllers Ltd. 


CPp.** The Application and Standardization of High 
Rupturing Capacity Current Limiting Fuses. J. W. 
Gibson, General Electric Company, Ltd. 


CP.** The Operation of the Approvals Laboratories, 
Division of Canadian Standards Association. G. 
Moes, F. R. Whatmough, Canadian Standards Association 


Round-Table Conference Ses- 
sion on Temperature Correla- 
tion in the Connection of Insu- 
lated Wires and Cables to Elec- 
tric Equipment | 


9:30 a.m. 


ee 


(Continued from page 542) 
‘oronto, has a number of electrical manu- 
turing plants which produce a wide 
ariety of electric equipment and appliances. 
fembers may select two of the following 
lants to visit: Sangamo Company Limited, 
incoln Electric Company of Canada 
imited, Minneapolis-Honeywell Regulator 
lompany Limited, and the Canadian Radio 


UNE 1951: 


Manufacturing Corporation Limited, where 
motors, meters, electric welding equipment, 
regulating and control equipment, and radio 
and television products are manufactured. 
Transportation will be by bus. 


Bell Telephone Company’s Carrier Systems 
(Thursday, June 28, 1:30 p.m.). This trip 
will include an inspection of three units 
which are typical of broad-band carrier 


Institute Activities 


telephone systems. The first point to be 
visited will be an unattended KA carrier 
repeater station at Rosebank, 17 miles east 
of Toronto. The next place on the tour 
is the Oshawa office, 17 miles east of Rose- 
bank. This office contains a variety of 
carrier equipment including terminals of the 
type C, H, and K systems, repeaters for the 
type K systems, and group conversion 
equipment for joining together type J and 
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type K systems. The Cannington Ji te= 
peater station, 35 miles north of Oshawa, 
will be inspected. This is the first repeater 
station on the J carrier route which extends 
from Oshawa over 1,200 miles to Winnipeg. 
The tour will be made by bus and the 
charge will be $2.00 per person. 


Miscellaneous Plants. Many electrical 
manufacturers in the Toronto area have 
extended an invitation to the members to 
visit their plants on an informal basis during 
the meeting week. Members wishing to 
visit plants of particular interest should 
inquire at the Trips Desk for the list of 
manufacturers extending this invitation. 


SOCIAL PROGRAM 


Highlights of the social program include 
the President’s reception, social evening 
and dancing at Hart House, University of 
Toronto, and a formal dinner and dance. 
- Afternoon tea will be served at the Royal 
York Hotel on Sunday, June 24, between 
3:30 and 5:30 p.m. to welcome members 
and their wives who arrive in advance of the 
first meeting day. There will be no charge 
for this tea. 

The luncheon on Monday, June 25, will 
serve to officially open the meeting and 
welcome the members as guests of the 
Toronto Section. On Monday evening a 
buffet dinner will be served at 7:00 p.m., 
followed by the President’s reception and a 
dance commencing at 8:30 p.m. Tickets 
for dinner and dance are $5.00 per person. 

An outstanding social event will take place 
at Hart House, University of Toronto, on 
Tuesday evening at 8:45 p.m. Following 
a carillon welcome, there will be a theater 
play, variety entertainment, and square 
and round dancing. The charge for the 
full evening’s event will be $3.50 per person. 

The Toronto Camera Club will present 
a choice collection of colored stills, followed 
by a delightful and interesting movie 
depicting Indian folklore, on Wednesday 
evening, June 27, at the Royal York Hotel. 
There will be no charge. 

Thursday evening, June 28, the formal 
dinner and dance will wind up the social 
part of the meeting. Dinner will commence 
at 7:00 p.m. and dancing at 9:00 p.m. 
The Leslie Bell Singers, an all-girl choir, 
will entertain following dinner. Both events 
will take place in the Royal York Hotel and 
dinner will be $4.00 per person and the 
dance $2.00 per person. 


LADIES’ ENTERTAINMENT 


A special program of trips and events has 
been prepared for the women guests. The 
Sunday afternoon tea on June 24 launches 
the ladies’ program, followed on Monday, 
June 25, with a sight-seeing tour com- 
mencing at the hotel at 1:30 p.m. After 
touring Casa Loma, Toronto’s castle of 
Gothic architecture, the party will proceed 
to Queens Park where they will be received 
by the Lieutenant-Governor, the Honourable 
Ray Lawson, at tea at 4:00 p.m. Tuesday, 
June 26, at 1:30 p.m., another sight-seeing 
tour through the residential area of the city 
will culminate in a tea at the T. Eaton 
Company’s College Street store. 
nesday evening the ladies will have the 
choice of accompanying the men on the trip 
to the Dunlap Observatory or enjoying the 
movies and still pictures at the hotel. Thurs- 
day there will be a tour of the city beginning 
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at 2:00 p.m., including Toronto’s lakefront 
and exhibition grounds and the James 
flower gardens, with tea at the Old Mill. 
A charge of $1.00 per person will be made 
to cover transportation for each of the tours. 
Coffee will be served without charge each 
morning between 10:00 and 11:00 a.m. in 
Parlour “C” at the Royal York Hotel. 


SPORTS 


Golf and tennis have been arranged for 
the male members and their guests. The 
annual golf tournament for the Mershon 
Golf Trophy will be held at the Elms Golf 
and Country Club on Tuesday, June 26. 
Entries should be registered at the Sports 
Information Desk. Green fees will be 
$3.00 per player and transportation will be 
provided by the Sports Committee to start 
play between 8:30 and 10:30 a.m. Locker 
space, rental clubs, caddie carts, and 
refreshments are available at the club, 
The Sports Committee will do everything 
within its power to insure that the handicaps 
are equitable, and reserves the right to alter 
any handicaps which, upon investigation, 
are found to be inequitable. Each con- 
testant’s handicap will be based on the 
average of the five best scores made in 1950 
at his regular course. This average and the 
Club’s par must be turned in at the time of 
registration and the handicap will be 
computed in accordance with the “National 
Handicap Table.” This handicap will be 
used in ‘‘medal’”’ or ‘‘score” play. The 
Mershon Golf Trophy will be presented to 
the winner of 18 holes medal play and, in 
addition to the trophy, the winner will 
also receive a “Special Prize.” There will 
be other prizes awarded for players with 
low gross and low net scores. Arrange- 


“ments may be made for noncompetitive 


play on several other courses in the city. 
The annual competition for the Mershon 
Tennis Trophy for men wiil be played at the 
Toronto Cricket Club on Tuesday, June 26, 
between 10:00 a.m. and 5:00 p.m. Entries 
should be registered at the Sports Informa- 
tion Desk. Fees will be $2.00 per player 
and transportation and tennis balls will be 
provided by the Sports Committee. Locker 
space will be provided and refreshments 
will be available. The Mershon Tennis 
Trophy will be engraved with the winner’s 
name, and the winner will be presented with 
a suitable memento of the event. The 
runner-up will also receive a prize. 


REGISTRATION 


The mailed advance registration card 
should be filled in and returned promptly. 
Members are asked particularly to check 
off the trips and events which they plan to 
attend. The registration fee will be $3.00 
for members and $5.00 for nonmembers. 
No fees will be required from students or 
families of members. Remittance should 
not be enclosed; fees will be collected when 
registering. For information on accommo- 
dations at the Royal York and King Edward 
Hotels see page 456 of the May issue of 
Electrical Engineering. 


TRANSPORTATION 


Toronto is accessible by highway, railway, 
and airline from all major cities in the 
United States. For those motoring to the 
meeting, it is suggested that, if possible 
they plan their itinerary to enter Ontario 
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at Niagara Falls and drive from the 
Toronto over the magnificent Queen Eliz; 
beth Highway. Other points of “a 
Ontario offering interesting scenic driv 
from the border to Toronto are the Ivy Le 
bridge near Alexandria Bay, the Pea 
bridge at Buffalo, the Ambassador brid, 
at Detroit, and the Blue Water bridge | 
Port Huron. % 
Canadian railroads connect with all lin 
in the United States and through sleepe 
are available from all major terminals : 
Toronto. Two major airlines serve Toront 
from the larger cities in Canada and tI 
United States. Trans Canada Airlin 
have direct flights from Boston, Clevelan 
Detroit-Windsor, New York, Sault Sain 
Marie, and Seattle in’ the United Stat 
and from all cities in Canada from Victori 
British Columbia, to St. John, Newfounc 
land. This airline offers substantial savin; 
in round-trip fares for groups of membe 
travelling from the cities it serves. Furth 
information can be obtained from any of i 
agents, or from the AIEE Secretary in th 
American cities previously mentionec 
American Airlines also serves Toronto fror 
many American cities or provides conne 
tions to cities served by other airlines. Th 
company also offers reduced fares to parti 
of 11 or more travelling together to Torontc 
interested members should contact the 
local American Airlines office for deétail 


OF INTEREST TO UNITED STATES MEMBER 


No passport or other document is require 
to enter or to leave Canada, and there is n 
entry fee or tax. Travellers returning + 
the United States may find that Unite 
States immigration officers require proof « 
identity and place of residence. Any of th 
following will prove satisfactory: an ol 
passport, birth or baptismal certificat 
voter’s certificate, car license, driver 
license, or letter of identification from 
bank manager or a municipal officer. An 
document bearing signature and photograp 
may be used. Naturalized citizens shoul 
carry their naturalization certificates an 
nonnaturalized residents of the Unite 
States must have a re-entry permit issue 
by the United States Immigration an 
Naturalization Service. 

Automobiles may enter Canada tf 
personal transportation for a period up 1 
six months without payment of duty ¢ 
deposit. On reporting to customs at th 
Port of Entry, a permit for the car is mad 
out. State license cards should be carrie 
On leaving Canada a car must be clea 
through Canadian customs. } 

Golf sets, camera equipment, slides « 
slide films, and samples or other apparat 
being brought into Canada for the pur 
of demonstrations during the meeting s 
be declared at the border crossing 
to both the United States and Canadi 
Customs Officers. This is important 
facilitate the re-entry of this material in 
the United States. 

The Sunday following the completion | 
the meeting is Dominion Day in Canad 
which will be celebrated on Monday, July: 
and Wednesday, July 4, is of course, Ind 
pendence Day in the United States. : 
bers may wish to take advantage of thi 
additional holidays to extend their trip” 
include a visit to the vacatiom districts 
Muskoka and the Georgian Bay, which ¢ 
within an easy half-day’s drive from Toront 
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acific General Meeting Sessions To 


Stress Power, Forest Product Industries 


Arrangements are being completed under 
e guidance of C. B. Carpenter as Chairman 
id M. M. Ewell as Vice-Chairman for the 
[EE Pacific General Meeting to be held at 
¢ Multnomah Hotel in Portland, Oregon, 
onday through Thursday, August 20 
rough 23. The plans promise a well- 
unded program with pertinent technical 
sions, many inspection trips, and sufficient 
tertainment for a very fine meeting. 

The Technical Papers Committee, under 
e direction of W. E. Enns, Chairman, has 
ranged a full program designed to empha- 
re the advancements made in power indus- 
y as well as the forest product industries of 
e Northwest. These major industries 
nbrace almost all phases of electrical engi- 
ering including communications, measure- 
ents, industrial heating, power generation 
id transmission, and so forth. 

The nearness of Portland to both the Uni- 
rsity of Oregon and Oregon State College, 
well as many universities and colleges in 
¢ city of Portland and surrounding area, 
ould make for a very active student par- 
sipation. A student technical papers ses- 
yn has been scheduled, and a large student 
tendance is expected from the entire area. 
Portland, known as the ‘“‘City of Roses,” 
ill provide an ideal location for this always 
jpular meeting. Portland is a city of dis- 
active beauty and charm on the banks of 
ie Willamette River, near that stream’s 
mfluence with the Columbia River. These 
vers, flowing approximately 100 miles to 
le sea, bring ships from the world’s maritime 
ations to Portland’s own midtown docks. 
s location in the heart of great stands of ever- 
een timber, rich agricultural and livestock 
nds, plus a fast-growing hydroelectric power 
ea, makes Portland a city of particular 
terest to the entire electrical industry. 
rtland is the center of the Pacific North- 
est’s vast hydroelectric resources, possessing 
) per cent of the potential water power of 
i¢ United States. At the present time, the 
mbined capacity of the private, municipal, 
id government power systems, which are. 
tegrated into the large Northwest power 
901, is over 4,000,000 kw. 


INSPECTION TRIPS 


An interesting and varied program of 
spection trips which will include trips to 
any local and nearby industrial plants, 
portant nearby power plants and substa- 
ms, and some educational facilities has 
sen arranged by the Inspection Trip Com- 
ittee, with O. A. Demuth as the Chairman. 
ll-day inspection tours have been planned 
r Thursday and Friday, August 23 and 24, 
r those installations of importance at longer 
stances from Portland. 

Portland is in the heart of the West’s forest 
oducts industries, and tentative plans are 
ing made to inspect typical plywood and 
wdboard plants, as well as the Crown 
lerbach Paper Mill in Camas, Wash. 
so planned is a trip through the large 
leyerhaeuser Lumber Company plant in 
mngview, Wash. Inspection trips to power 
cilities include trips to the Bonneville Dam 
ywer House located 40 miles east of Port- 
nd on the Columbia River. This dam has 
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created a lake 50 miles upstream and with its 
navigation lock, the world’s largest single-lift 
lock, has made navigation possible by ocean 
ships to The Dalles, 200 miles from the sea. 
Other power installations to be visited are 
Pacific Power and Light generating plants on 
the Lewis River; the Ross Substation and 
Microwave installation of the Bonneville 
Power Administration; local substations of 
Pacific Power and Light and Portland 


View of Portland, 
Oreg., with Mt. 
Hood, the highest 
point in the state, 
in the distance 


General Electric Company; the Bonneville 
Power Administration 230-kv series capaci- 
tor installation at Chehalis, Wash.; and the 
McNary Dam, to which an air trip is tenta- 
tively scheduled. Of the aluminum plants 
in the vicinity, it is planned to visit the Alu- 
minum Company of America plant and wire 
mill in Vancouver, Wash. Other trips of 
interest may be made to the High-Voltage 
Laboratory at Oregon State College and the 


heat pump installation in the local Equitable 
Building. 


ENTERTAINMENT 


The evening entertainment program will 
be highlighted by the main banquet on 
Wednesday, August 22. A President’s recep- 
tion will be held on Monday evening, August 
20. A program of interesting and enlighten- 
ing movies has been scheduled for Tuesday 
evening, August 21. Other entertainment 
includes a golf tournament. 

An enjoyable ladies’ program has been 
arranged by the Ladies’ Entertainment Com- 
mittee, under the chairmanship of Mrs. 
W. Morgan Allen, including a tea, luncheon, 


and card party, and many sight-seeing trips. 
One trip will be to the beautiful 620-foot 
Multnomah Falls located 30 miles east of 
Portland on the scenic Columbia River 
Highway. This drive affords many views 
of majestic grandeur, and passes numerous 
state parks, United States Forest Service 
recreation areas, interesting rock formations, 
and a succession of eleven spectacular water- 
falls. This trip will be long remembered. 


Southern District Meeting and Student 
Branch Conference Held at Miami Beach 


A 3-day meeting of the Southern District 
and a Student Branch Conference took 
place at Miami Beach, Fla., April 11-13, 
with headquarters in The MacFadden- 
Deauville Hotel. There were four technical 
sessions and two student sessions in the 
mornings. Inspection trips and sight-seeing 
tours were taken during the afternoons. 


. Entertainment included a luncheon and a 


buffet supper and aquacade on Wednesday 
and a banquet on the following day. On 
the business side, an all-day meeting of the 
Board of Directors took place on Thursday, 
followed by a conference of student branch 
counsellors Friday morning. The registered 
attendance was 328 members and guests and 
93 students. 


OPENING SESSION 


The feature of the opening session” was 
a timely and constructive address on “What 
Can We Do About the Shortage of Engi- 
neers?” by President LeClair. He suggested 
as three steps toward the solution of this 
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important problem the expansion of the 
facilities of technical institutes, training men 
on the job for specific semienginecring and 
engineering work, and taking stock of 
engineers in both civilian and military 
organizations who are not doing engineering 
work with the view toward shifting them to 
more essential pursuits. President LeClair 
also referred to the work of the Engineering 
Manpower Commission in connection with 
the problem. The address was published 
in Electrical Engineering in the May issue, 
pages 377-8. 

Vice-President W. J. Seeley addressed 
the session and paid tribute to the com- 
mittees which made the arrangements. He 
referred to the work of Professor P. H. 
Nelson in organizing the student activities 
of District 4 which has resulted in an increase 
in student enrollment during the past year. 

The meeting was opened by H. F. Pierce, 
who extended a cordial welcome, as did 
Joseph Bronaugh, Chairman of the Miami 
Section. 
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LUNCHEON MEETING 


At the well-attended luncheon meeting 
on April 11, R. B. Roberts, Vice-President 
of the Florida Power and Light Company, 
gave an address ‘“‘There’s More to Florida 
than Meets the Eye.” Speaking in a 
humorous but pertinent vein, Mr. Roberts 
traced the phenomenal growth of Miami 
compared to other large cities. He also 
compared the growth of the county in 
which Miami is situated to the growth of 
Los Angeles County, Calif., under almost 
identical conditions before the industries 
had located. The extremely rapid growth 
of the Miami region was attributed to climate 
and the tourist trade. He referred to the 
second most severe depression in 1937 and 
concluded that an economy predicated on 
the tourists is sound as the revenue comes 
from all sections of the country. Through 
such indexes as bank deposits and gasoline 
sales, it has been found that summer business 
is increasing more rapidly than the winter 
business. In respect to the system of the 
Florida Power and Light Company, 450,000 
kw of new units have been added since the 
war and by 1953 the system will have three 
times the capacity that it had at the end of 
the war. 

Professor F. H. Pumphrey, Chairman of 
the Florida Section, acted as toastmaster. 
He stressed the opportunities and inspiration 
which the Institute offers to meet prominent 
men in the industry. 


STUDENT ACTIVITIES 


Student activities began April 9 with’ 


registration at the University of Florida; 
93 delegates registered. Guided tours were 
conducted through the new Engineering 
and Industries Building as well as to all of 
the facilities of the Engineering Department, 
laboratories, equipment, and classrooms. 
A banquet was held in the evening which 
was addressed by Joseph Weil, Dean of the 
College of Engineering, and entertainment 
was provided later. Wednesday evening 
there was a dinner and dance sponsored by 


the Engineers Club of Miami at the Uni- 


versity of Miami. 

Thirteen technical papers were presented 
by the students in two morning sessions— 
one on April 11 and one on April 12. The 
papers were of excellent caliber and the 
judges had a difficult time determining the 
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AIEE President T. 
G. LeClair is con- 
gratulating Har- 
vey F. Pierce, 
General Chairman 
of the Southern 
District Meeting, 
which was held in 
Miami Beach April 
11-13. Joseph Bro- 
naugh, Chairman 
of the Miami Sec- 
tion (far left), and 
AIEE Vice-Presi- 
dent W. J. Seeley 
(far right) look on 


winners of the prize awards. The winners 
were announced at the banquet on Thursday 
evening (see the following section on the 
Banquet for the names of the winners). 

On Friday morning, a brief business 
meeting was held to decide on next year’s 
activities. 

During the afternoons, many of the 
students went on the inspection trips and 
sight-seeing tours scheduled on the program. 
Each day they put out a paper of their 
activities called ‘High Tension,” which 
contained interesting data on the electrical 
industry extracted from the Edison Electric 
Institute statistical bulletins, Electrical Mer- 
chandising, and the United Nations statistical 
bulletins. 


BANQUET 


The banquet was held on Thursday even- 
ing, with entertainment following the dinner. 

Vice-President Seeley announced the 
winners of the Student Paper Prize Awards: 


First Prize: A Photoelectric Congestion 
Indicator, William D. Windley, University 
of North Carolina 

Second Prize: Safety Through Electronics, 
Eugene C. Pauly, University of Florida 

Third Prize: Magnetostrictive Dental 
Drill. James M. Hoylman, Jr., University 
of Virginia 


TECHNICAL SESSIONS 


Four technical sessions—two General 
Groups and two Power Groups—were held 
on Thursday and Friday mornings. 


General Group—April 12. At the first 
session, with J. O’D. Shepherd and R. Als 
Cooper presiding, a paper was presented 
by R. C. Cheek, Westinghouse Electric 
Corporation, which dealt with the applica- 
tion of microwave channels. The author 
gave a number of the factors that must be 
taken into consideration in the establishment 
of a microwave channel, such as the selection 
of the frequency bands, selection of the sites 
for the terminals, calculation of the free- 
space loss between the antennas, and the 
calculation of other losses between the trans- 
mitting and receiving equipment and the 
antennas, 

The second presentation, by I. S. Cogge- 
shall of the Western Union Telegraph 
Company, explained how Florida was the 
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communication gateway to the Carib 
The author emphasized the importa 
moral obligation of keeping these 
of communication open. 

The third paper dealt with tek 
handling by facsimile and was presen 
H. H. Haglund of the Western Union Ti 
graph Company. The author describ 
steps leading up to the development of 
Desk-Fax machine and the central ¢ 
equipment required. Transmission 
ceipt of an actual message on the D 
was demonstrated. ‘The author state 
there are 2,000 machines already i 
in 11 different cities. One thousand m 
would soon be installed in Washington ar 
by the end of the year some 2,000 
would be installed in 14 other cities. 

The fourth presentation, which 
illustrated with movies, was by 
Latour of the University of Florida. 
explained how radar is used for the lo 
of hurricanes and other weather phenon 
such as cold fronts. Mr. Latour said 
the data furnished to the Weather B 
served as a basis for a new theory on t 
formation of tornadoes. q 

Some recent developments in loran 
described by A. W. Sullivan of the 
versity of Florida. The frequency has } 
lowered to 100 ke which has increased tl 
range 1,200 to 1,500 miles. The auth 
explained that they were constantly stri 
for a completely automatic system 
will reduce the time required to obtain a fi 

F. O. Nottingham, Jr., of the Georg 
Institute of Technology described i 
paper a low-frequency polar vector indicat 
which is useful in stability studies of se 
mechanisms in conjunction with feedbac 


amplifiers and other automatic contr 
devices. . 
The last paper was presented by J. | 


Dexter of the Dow Corning Corporatio: 
The author described the me te 


€ 


physical properties and some of the speci 
applications of silicone rubber, a resilie 
dielectric. 


General Group—April 13. M. A. Hox 
and H. C. Uhl presided at the Fr 
morning session. In the opening paper, # 
results of electric home heating in 
Nashville area were discussed by E. E. P 
of the Electric Power Board of the cit 
Nashville. ‘The author explained a se 
which his company has inaugurated to ma 
every electric heating job a satisfactory | 
Estimates are made of the heating requir 
ments and the annual heating bill and 
ords have been kept for most of the 
trically heated homes. The subject w 
discussed in the light of the higher cost 
other fuels since the war and the possi 
of this type of load becoming desirable fra 
the power company’s point of view. 

In another paper, A. C. Gibson of 
Nashville Electric Service described the €0 
struction and installation of electric s 
and hot water accumulators and tl 
operation from a maintenance point 
view. 

In another heating paper, H. A. Oj 
of the University of Florida discussed 
theory and design of work coils for h 
temperature induction heating of nonm 
netic metals which has application 
connection with aircraft and guided miss 
at supersonic speeds and the need 
simulated facilities for testing on the grou 
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A new method to determine instantaneous 
rrents and voltages by employing alpha, 
ta, and zero components was presented 
+ Miss Edith Clarke of the University of 
exas. The use of the method was illus- 
ated in the case of a line-to-line short 
rcuit by substituting in Parks’ equations 
r an ideal synchronous machine and 
lving. Another illustration of application 
as given in the case of opening a 3-phase 
ult when all three phases do not open at 
i€ same instant. Miss Clarke emphasized 
lat the method is one which is very much 
iorter and that it was not a substitute for 
mmetrical components. 

In the field of industry, an interesting 
aalysis of performance and the intricate 
mntrols required for a modern sectional 
ectric paper machine was described by 
- M. Baker of the Westinghouse Electric 
orporation. In another paper, Clarence 
. Grund, Jr., of the Alabama Polytechnic 
astitute traced the history of the develop- 
ent of the amplidyne and he discussed 
1e theory. ; 
In the field of lighting, the importance of 
god street and highway lighting was 
rikingly emphasized by R. J. Swackhamer 
f the General Electric Company. With 
ve aid of National Safety Council statistics 
nd with the cost of each death placed at 
82,000, as well as the increased number 
f accidents during the dimout in 1941 and 
942, the speaker emphasized that the loss 
f 24,000 lives per year justifies any amount 
f expenditure for good street and highway 
ghting. 
In a paper entitled “The Bare Facts of 
ight,’ H. L. Logan of the Holophane 
iompany, Inc., explained with the aid of 
harts and nomograms how good archi- 
sctural lighting can be attained for various 


special purposes in accordance with the 
efficiencies desired. 


INSPECTION TRIPS 


_ During the meeting inspection trips and 
sight-seeing tours were arranged in the 
afternoons to the Cutler Steam Electric 
Station of the Florida Power and Light 
Company, the United States Weather 
Bureau, television station WTVJ, a boat 
tour on Biscayne Bay, and a tour of greater 
Miami, as well as a visit to the shops of the 
Eastern Airlines at the International Airport 
and a 30-minute flight over the city. 


LADIES’ ENTERTAINMENT 


In addition to the scheduled events for 
members, special ac ivities were arranged 
for the ladies. On Wednesday there was a 
visit to Gulfstream Park in Hallandale 
and a luncheon. On Thursday a visit 
was made to shops on Lincoln Road, and on 
Friday an informal ‘‘Hibiscus Brunch” was 
held on the Beach Terrace of the Mac- 


' Fadden-Deauville Hotel. 


COMMITTEES 


Members of the General Committee 
which made the arrangements were: Chazr- 
man, Harvey F. Pierce; Co-chairman, Ollie 
T. Ayers, Jr.; Treasurer, Clyde V. Booth; 
Finances, E. F. Johnson; Publicity, C. K. 
Lingo; Hotels and Reservations, R. L. Poor; 
Transportation and Inspection Trips, J. W. 
Beville, | Jr.; Student Branch Co-ordinator, 
Professor Frank Lucas; Information, R. A. 
Goodburn; Programs, J. W. Lacy, Jr., and 
C. H. Summers; Technical Papers, Dr. H. 
H. Sheldon; Ladies’ Entertainment, Mrs. 
O. T. Ayers, Jr.; Sports and Entertainment, 
C. W. Cogburn; Tickeis, C. M. Broom; 
Signs, George H. Shipley. 


-apers on Static Electricity Given 
at 1-Day AIEE Textile Conference 


Static electricity and good installation 
ractice were the general subjects con- 
dered at the 1-day Textile Conference 
North) held in Philadelphia, April 23, 
951, at the Engineers’ Club. The seven 
apers presented were concerned with 
roblems of great interest to the 84 engineers 
ttending, as was evidenced by the lively 
iscussion which followed the papers’ 
sading. The conference was sponsored by 
1¢ AIEE Textile Subcommittee, the Phila- 
elphia Textile Institute, and the AIEE 
hiladelphia Chapter. 

The Chairman of the AIEE Textile Com- 
ittee, R. J. Demartini, introduced B. W. 
layward, Director of the Philadelphia 
extile Institute, who welcomed the visitors 
ad told something about the school of 
hich he is head and the technical problems 
1 which they are working. The first paper, 
Principles of Static Electricity,” was given 
y L. E. Walkup, Battelle Memorial In- 
itute. This laid the groundwork for the 
“xt two papers, as the author demonstrated 
i generation and elimination of static 
ectric charges and explained the difference 
stween triboelectrification (contact) and 
duction electrification. This was followed 
+ demonstrations of how static can be 
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eliminated by ionizing the air by flame, 
ultraviolet light, the use of sharp points or 
wires, and the emanations from radioactive 
materials. 

Mason Hayek, E. I. DuPont de Nemours 
and Company, read “Static Electricity on 
Synthetic Fibers and Fabrics.” He chose 
nylon as an example of a synthetic fiber 
and fabric and demonstrated how an anti- 
static agent applied to either sliver or 
woven material reduced static to a point 
where it was practically negligible. He 
told about the electrostatic series according 
to Lehmicke, which lists materials according 
to their positive or negative charge when 
brought in contact with one another. 
Starting at the positive end, the series lists 
glass, human hair, nylon, wool, silk, and 
so forth, down to Orlon, Saran, and poly- 
thene at the negative end. Surface con- 
ductivity and moisture content of textiles 
are related to the static charge, that is, the 
greater the moisture, the smaller the charge. 
In line with this fact, the speaker described 
apparatus used to measure electrostatic 
properties of cloth with and without anti- 
static agents. 

The final paper of the morning session, 
“The Influence of Static Phenomena on the 
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Textile Processing of Wool,” was presented 
by L. A. Runton of the M. T. Stevens and 
Sons Company. In the early stages of wool 
processing, the wool is sprayed with an 
oil-water emulsion and no static is ex- 
perienced; however, the material is rapidly 
dried and when the web leaves the first 
breaker card, enough static has accumulated 
in many cases to cause drooping or cause 
holes in the sheets. Static gives most trouble 
in the finisher, as there is a rubbing action 
of the apron. In making worsteds, trouble 
is often experienced in withdrawing the 
sliver from the can: the accumulation of 
static charge sometimes is evidenced by a 
veritable bursting of the sliver and even 
breaks. In spinning, warping, winding, and 


‘weaving, the yarn often becomes uncon- 


trollable, although in the latter process the 
humidification of weave rooms at levels 
about 65 per cent at 75 degrees Fahrenheit 
has greatly reduced static troubles at the 
loom. 

Analysis of the locations on woolen and 
worsted machinery where static causes 
trouble shows that in general when the fibers, 
webs, sliver, or yarns are loose or lying flat 
on an apron or tape the static influence is 
disruptive. This may lead to additional 
aprons or other devices being added to avoid 
such trouble; however, this is impractical 
in most instances. Further study is sug- 
gested along these lines as the highly charged 
material may cause a fire, especially during 
the dry winter periods. 

The first paper of the afternoon session 
was read by Swaffield Cowan, Factory 
Insurance Association, and dealt with 
“Fundamentals of Good Electrical Installa- 
tion Practice.” Obsolete electric equip- 
ment is a fire hazard, both indoors and 
outdoors. As an example, inside a cotton 
mill fly is found in places where it would 
never be suspected that it would penetrate 
and such accumulations are fire hazards. 
The National Electrical Code of 1951 has 
new requirements for equipment by means 
of which such accumulations will be pre- 
vented. A request was made by the speaker 
for comments on these new enclosures after 
examination of the new Code. 

“Wiring the Loom’ was the subject of 
the next paper presented by Victor Sepavich, 
Crompton and Knowles Loom Works. One 
of the earliest electrical components added 
to a loom was the drive motor, little or no 
attention being given to the safety aspects 
of the wiring, switches, and so forth. Differ- 
ent types of trouble developed: open-type 
motors burned out due to accumulations of 
lint and oil; solid-wire leads broke because 
of the fatigue due to vibration; wire insula- 
tion deteriorated because of oil leakage, 
causing short circuits and fires. In the 
course of years, these troubles have been 
overcome by the improvement of compo- 
nents, such as totally enclosed motors, oil- 
resistant covered cables, the use of stranded 
wire instead of solid, and new switch en- 
closures. 

With the increase in loom speed and 
number of hours of operation, improve- 
ments became necessary in the components 
of the warp stop motions. Solid wires 
crystallized and broke; oil attacked the 
wires’ rubber insulation; lint collected 
around drop wires and warp-stop contact 
bars and often ignited when an arc was 
drawn from the drop wires. Hairy or 
uneven warps prevented the drop wires from 
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settling solidly on the contact bars, per- 
mitting the loom to run for several picks 
even after a warp thread was broken. These 
troublesome conditions have been remedied 
to a great extent. 

Another great increase in loom wiring 
variations was the electric feeler applica- 
tions, of which two types are in general 
use, the most common being the double- 
prong type. In operation, the feeler is 
held stationary and the bobbin contacts 
the prongs during the forward motion of the 
lay, these prongs being set so that they are 
pushed backwards by a depleted bobbin. 
As loom speeds increased, contacts were 
made and broken very rapidly due to the 
prongs “bouncing”? with the result that 
inductive arcs were produced with a re- 
sulting pitting of the prong tips, as in the 
warp stop, and a time delay in establishing 
the circuit. This trouble was reduced 
by the substitution of a smaller solenoid in 
the circuit with other circuit changes which 
reduced the inrush currents. 

L. J. Marburger, Berkshire Knitting 
Mills, presented ‘‘Electrical Installations on 
Full Fashioned Hosiery Machines.” The 
author analyzed the methods of testing the 
electrical drives of hosiery machines, which 
are peculiar to this type of knitting ma- 
chinery and its operation. Preventive main- 
tenance of the electrical drives and their 
attendant controls and panels proved well 
worth while over the course of years. 

The final paper of the conference was 
given by Dan McConnell, Cone Mills 
Corporation, and was entitled ‘Finishing 
Plant Electrical Installation Problems.” 
The author outlined the various factors 
peculiar to a finishing plant which should 
receive careful consideration during the 
designing stage, or when the plant is under- 
going changes. For example, since finishing 
plants are large users of heat, the steam 
facilities should be given consideration, as 
it is usual for a considerable portion of the 
electricity to be furnished by bleeder tur- 
bines. The design of the steam power 


plant offers nothing unusual except that 


thought should be given to the reliability 
of both the steam and electric equipment. 
In this connection, studies should be made 
of the breakdown service available from 
nearby utilities, company-owned or public. 
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The basic power pattern of a finishing 
plant should be one that is some variation 
of the load-center distribution method, for 
here the high-voltage distribution can be 
arranged in any orthodox manner with 
either overhead lines or underground cables 
delivering to outdoor transformers feeding 
low-voltage power to switchgear mounted 
in rooms cut off from the rest of the plant 
and suitably ventilated. Another factor is 
the conduit installation and the wiring it 
Ambient conditions, both of 


J. C. McKeon, manager of university relations for Westinghouse Elec 
Corporation at East Pittsburgh, addressed members of the AIRE 
Valley (Pa.) Section at a dinner meeting at the Hotel Bethlehem in Bethle 
hem, Pa., April 13. Mr. McKeon spoke about the critical shortage 
scientific and professional leadership that faces the nation. He & 
‘Whether we as a nation experience a series of Koreas, all-out war, or 
period of uncertain peace, we must maintain a state of total preparednes: 
Failure to train and properly utilize our greatest asset—potentiz 
leaders—would be national suicide.” A student paper on “Mechani 
cal Filters” was presented by Lawrence A. and Gerald D. Hohn 
twin brothers and senior electrical engineering students at Lehigh Uni 
versity. Left to right, seated, are: Chairman George M. Keen 
District Manager Floid M. Fuller, and J. C. McKeon. Left to righ 
standing, are: Vice-Chairman D. A. Campbell, Jr., Lawrence A 
Hohmann, and Gerald D. Hohmann ; 


— 


temperature and humidity, must be 
fully considered in choosing the insulati 


materials to be used. 

A 2-day Textile Conference (Sout 
was held at the Georgia Institute of Tecl 
nology in Atlanta, Ga., April 26-27, an 
was attended by approximately 140 eng 
neers. The three papers on static electrici 
presented at the morning session of th 
Philadelphia conference were also read z 
the Atlanta meeting, and five other paper 


Answer Your Questionnaire on. 


Technical Division 


To conduct more effectively the technical 
activities, the Institute for several years has 
been organized in five major technical divi- 
sions: Communications, general applications, 
industry, power, and science and electronics. 
The areas encompassed by each division are 
defined most readily by a listing of the tech- 
nical committees in each of the divisions. 
This has been done on the reverse side of a 
questionnaire on technical division publica- 
tions recently sent to all members. For 
convenience, the questionnaire has been 
made up in five parts. 

With respect to Part 1, the Technical 
Advisory Committee would like to know the 
major interests of members in each division 
so that announcements of technical con- 
ferences on certain subjects might be most 
effectively sent to those interested. Please 
indicate by the number 1 the technical 
field in which you are primarily interested. 
Also, please indicate your interest in the 
other divisions in the order of preference by 
the numbers 2 to 5. 

With regard to Part 2 and the high degree 
of specialization that exists in the electrical 
industry today and the technical work organ- 
ized in five major divisions, it seems logical 
to correlate the technical papers in the five 
divisions according to subject matter. Such 
divisional publications bound in paper 
covers would be issued three or four times a 
year and take the place of the present AIEE 


Institute Activities 


were given. ; 
% 
| 
. 
Publications 5 
re 
Proceedings (individual pamphlets of eac 


paper and the discussion). The Publicatio 
Committee is making an extensive stud) 
the matter which might result in a n 
efficient method of distributing the techn 
material. However, before a specific 
can be worked out and exact costs 
mined, it is necessary to know how 
copies of each divisional publication 
be required. In the proposed plan, — 
member could elect to receive one division 
publication three or four times a year fir 
Other divisional publications might be ] 
chased at a nominal annual subscriptic 
rate, presumably in the range of $2 to § 
Please check the one division you would ele 
to receive free. Please check the oth 
divisions to which you would subseril 
annually at $2 to $3 per division. 
Part 3 is related to Part 2; please chee 
your preference for the proposed plan 
divisional publication or continuance of # 
present policy of issuing AIEE Proceedings. 
With regard to Part 4, inasmuch as 
survey had to be made to resolve the previ 
questions, it would be very helpful to kn 
the occupational functions of the membé 
ship in planning an annual publicat 
program as well as from the point of vi 
of advertising sales promotion. A g 
many more technical contributions are 
ceived during the year than can be acc 
modated within the space available. 
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ow the occupational functions of the 
embers would be helpful as a guide in 
ecting the proper proportions of certain 
bject matter in relation to the interests of 
ost members. Please check your more im- 
rtant occupational functions. 

Last but not least, please print your com- 
my mame and city address as well as title 
Part 5. These are important in helping 
formulate a publication program to meet 
e needs of the most members. 

The success of such a survey depends upon 
ch member’s carefully filling in all five 
irts of the Technical Division Publications 
yestionnaire. This will only take a few 
inutes of your time. A return postage-paid 
elope accompanied the questionnaire for 
mvenience. If you have not already 
turned your answers, do it now! 


amme Medal Nominations 
for 1951 Due December 1 


Special attention is directed to the fact 
at the names of Institute members who 
e considered eligible for the AIEE Lamme 
fedal, to be awarded early in 1952, may 
= submitted by any member in accordance 
ith section 1 of article VI of the bylaws 
[the Lamme Medal Committee, as follows: 


“The committee shall cause to be pub- 
shed in one or more issues of Electrical 
ngineering, or of its successors each year, 
referably including the June issue, a state- 
lent regarding the Lamme Medal and an 
\vitation for any member to present to the 
ecretary of the Institute by December 1, 
le name of a member as a nominee for the 
edal, accompanied by a statement of 
is ‘meritorious achievement’ and the names 
f at least three engineers of standing who 
ré familiar with the achievement.” 


Each nomination should give concisely 
1¢ specific grounds upon which the award 
“proposed, and also a complete detailed 
atement of the achievements of the nominee, 
» enable the committee to determine its 
gnificance as compared with the achieve- 
ients of other nominees. If the work of 
1¢ nominee has been of a somewhat general 
haracter in co-operation with others, 
secific information should be given re- 
arding his individual contributions. Names 
f endorsers should be given as specified in 
ae foregoing quotation. 


orth Eastern District Meeting 
Held in Syracuse, N. Y., May 2-4 


A successful 3-day meeting of the North 
astern District held in Syracuse, N. Y., on 
May 2-4 had just concluded when this issue 
rent to press. A more complete report on 
he various phases of the meeting will be 
ublished in the July issue of Electrical 
gineering. 

Six technical sessions were held on the 
abjects of street lighting, computing devices, 
ower generation (two sessions), electronics 
nd communications, and air conditioning. 
‘wo student sessions were held May 4 and 
apers were presented by the students from 
he branches in the district. The District 
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Branch Paper Prize was awarded to Ernest 
Codier of Syracuse University for his paper 
entitled ‘‘Piezo-Electric Clutch.”” The Grad- 
uate Paper Prize was awarded to Charles 
Lenz, Massachusetts Institute of Technology, 
for his paper “Less Time for Time Con- 
stants.” 

The smoker was held on Wednesday even- 
ing and the banquet on Thursday. One of 
the important features of the meeting was a 
timely address, “Engineering—Its Future” 
by A. C. Monteith, Vice-President in Charge 
of Engineering of the Westinghouse Electric 
Corporation. The speaker reviewed the 
critical shortage of engineers in relation to 
the defense program, the steps being taken 
by the Engineering Manpower Commission 
of Engineers Joint Council to help the situa- 
tion, and the need to impress on the public 
the fact that in modern warfare the man in 
production is just as important as the man 
on the front line. Another feature of the 
meeting was a round-table presentation on 
the topic “‘The Assignment and Development 
of the Engineer as a Professional Man,” in 
which well-qualified speakers from the fields 
of industry and education expressed their 
views. 


District 3 Student Branch 
Meeting Held in New York City 


A Student Branch Meeting of District 3, 
sponsored by the New York Section of the 


COMMITTEE 
ACTIVITIES 


Editor’s Note: This department has been created 
for the convenience of the various AIZE technical 
committees and will include brief news reports 
of committee activities. Items for this department, 
which should be as short as possible, should be 
forwarded to R. S. Gardner at AIEE Head- 
quarters, 33 West 39th Street, New York 18, N. Y. 


Communication Division 


Communication Switching Systems Com- 
mittee (R. C. Davis, Chairman; John Meszar, 
Vice-Chairman; A. E. Frost, Secretary). This 
committee had a well-attended meeting on 
January 24, 1951, to discuss the possibilities 
for communication switching sessions at the 
1951 Fall and 1952 Winter General Meetings. 

It was concluded that the general interest 
in a symposium of papers on community dial 
office switching at the Oklahoma City meet- 
ing last fall warranted continuing this subject 
at the 1951 Fall meeting. A number of 
promising suggestions were made and it now 
appears that papers relating to community 
dial office problems can be presented at the 
Cleveland Fall meeting. 

An especially interesting program is 
planned for the 1952 Winter meeting. One 
of the most important and interesting de- 
velopments in communications switching 
over the past few years has been the de- 
velopment of the nation-wide operator toll 
dialing plan and in the technical develop- 
ments needed to implement the plan. It is 
now expected that a symposium of papers on 
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AIEE, was held in New York, N. Y., May 4 
in the auditorium of the Western Union 
Building with 189 attending from the colleges 
in the New York area. Seven papers were 
submitted by the students from which four 
were chosen for oral presentation, and the 
judges had a difficult time determining the 
prize awards from among the excellent 
papers. 

The meeting, presided over by Vice- 
President C. S. Purnell, was opened by 
Walter P. Marshall, President of the Western 
Union Telegraph Company, who extended a 
cordial welcome to all present, and gave an 
interesting account of the growth and scope 
of Western Union. 

Following a luncheon, the winners of the 
Prize Awards were announced as follows: 


First Prize, $25. The Principle and 
Application of Medar, Fred W. Jacob, Man- 
hattan College 

Second Prize, $10. Design and Construc- 
tion of a 35,000-Volt 115-Watt Regulated 
Power Supply, Mathew Kabrisky, Poly- 
technic Institute of Brooklyn 

Third Prize, Evaluation of an Eastern 
College Electrical Shop in Terms of its 
Present and Future Duty, Carl Flick, Poly- 
technic Institute of Brooklyn 


An interesting and educational demon- 
stration lecture on “Electronics and Light, 
Giant Twins of Tomorrow” was given by 
S. G. Hibben, Director of Applied Lighting, 
Lamp Division, Westinghouse Electric Cor- 
poration. 


this subject can be presented at the 1952 
Winter meeting. 

Mr. D. L. Solomon, a member of the com- 
mittee, has recently returned from a trip to 
Alaska where he had made a survey of the 
switching problems there for the Office of the 
Chief Signal Officer of the Army. Mr. 
Solomon told the committee of his trip and 
of the results of his survey. 


General Applications Division 


Committee on Air Transportation (W. V. 
Boughton, Chairman; D. E. Fritz, Vice-Chair- 
man; W. L. Berry, Secretary). The com- 
mittee plans to have a Special Technical 
Conference on Aircraft Equipment in Los 
Angeles, Calif, on October 8, 9, and 10, 
1951, at the Hollywood Roosevelt Hotel. 

The Aircraft Electrical Rotating Machin- 
ery Subcommittee, the Aircraft Electrical 
Systems Subcommittee, and the Electrical 
Control, Protective Devices, and Cable 
Subcommittee are reviewing the ‘Aircraft 
Electric Guide Report, AIEE Standard 
Number 750. Revised drafts of certain 
sections of this report and new sections will 
be prepared for consideration by the Air 
Transportation Committee. 

The Principle of Altitude Rating of Elec- 
trical Apparatus Subcommittee is in the 
process of circulating to the members of the 
subcommittee for comment a report on 
“‘Generator-Blast Air Cooling.” 


Industry Division 


Subcommittee on Radiation Measurements 
above 300 Mc (R. M. Baker, Chairman; 
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Marvin Bock, Vice-Chairman; C. W. Frick, 
Secretary). Review of the proposed report, 
“Recommended Practice for Measurement 
of Electric Field Intensity Above 300 Mc 
from Radio-Frequency Industrial, Scientific, 
and Medical Equipments,” was completed 
to the end of Section VII. It was felt that 
the remaining section (VIIT) could be edited 
by Mr. Sorrows and Mr. Baker, who also 
would complete the lists of symbols and check 
the list of references. The report then 
would be ready for this Subcommittee to 
approve and submit to other AIEE com- 
mittees for review and comments. This re- 
port includes the following Sections: Sec- 
tion I, Introduction; Section II, Symbols, 
Units, and Abbreviations; Section III, 
Methods of Measurement; Section IV, 
Antenna Design; Section V, Antenna Gain 
Measurements; Section VI, Associated 
Measuring Equipment; Section VII, Meas- 
urements on Production Equipment; and 
Section VIII, Measurement Precautions. 


Power Division 


Subcommittee on Magnetization Charac- 
teristics of Transformers (J. E. Clem, Chair- 
man). This subcommittee has completed 
its work in connection with assigned sub- 
jects. Mr. Clem feels that the data which 
have been prepared are both worth while 
and informative. There are three working 
groups in this subcommittee: the first on 
Magnetization Characteristics of Trans- 
formers; the second relating to the Relay 
Problems Resulting from Excitation Charac- 
teristics of Transformers; and the third 
covering the Effect of Magnetizing Charac- 
teristics and Current on the Interrupting 
Ability of Air Break Disconnects. The de- 
tail data on the above have been submitted 
by the subcommittee to the main Trans- 
former Committee as a progress report. 


Committee on Rotating Machinery (W. R. 
Hough, Chairman; C. G. Veinott, Vice-Chair- 
man; J. L. Fuller, Secretary). A new sub- 
committee is being formed, under the chair- 
manship of P. H. Trickey, to cover magnetic- 
fluid couplings and similar devices. Specifi- 
cally, this committe is to cover magnetic- 
fluid clutches, the magnetic-particle clutch, 
the electric coupling, the eddy-current 
brake, the eddy-current dynamometer, and 
electrically operated friction brakes where 
the magnetic circuit is part of the brake it- 
self. Excluded are electrically operated 
friction brakes in which the electrical part is 
simply a magnet or solenoid providing a pull 
which operates on the otherwise completely 
mechanical friction device. ‘This is a fast- 
growing field and one which should produce 
a number of interesting papers and sessions in 
the next few years. Members having an in- 
terest in this field are urged to contact Mr. 
Trickey. 

The other subcommittees are at work on a 
revision of the respective test codes. It is 
the intent to make these codes suitable for use 
directly in the American Standards Associ- 
ation Standard C-50 on rotating electric ma- 
chinery which is currently being revised. 
Wherever possible, reference is being made 
to AIEE Master Test Codes for temperature 
measurement, resistance measurement, and 
so forth, with the purpose of making the 
machinery codes concise while not sacrificing 
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the availability of detailed discussions on 
methods of measurement, 


Science and Electronics Division 


Subcommittee on Electron Tubes of the 
Committee on Electronics (H. C. Steiner, 
Chairman; D. E. Marshall, Secretary). The 
subcommittee is co-operating for the second 
year with the Institute of Radio Engineers 
Committee on Electron Tubes and Semi- 


Conductors in the planning of the 
Devices Conference. The subcomn 
considering a conference on Electron 
for Power Conversion similar to the o; 
in Buffalo in 1949 and joint sponso: 
planned with the Electronic Power 
verter Committee and the Subcommi 
Electronic Control. The subcommit 
continuing active work on Standar 
Mercury Pool Tubes. Plans have als 
made for organization of a working gr 
Standards for Radiation Detection D 


AIEE PERSONALITIES... 


O. E. Buckley (M’19, F’29), President, 
Bell Telephone Laboratories, Inc., New 
York, N. Y., has been named by President 
Truman to head a group of the nation’s 
top scientists who will act on a science 
advisory committee to advise in matters 
relating to scientific research and develop- 
ment for defense. Doctor Buckley now 
becomes Chairman of the Board of Bell 
Laboratories. Born in Sloan, Iowa, on 
August 8, 1887, he graduated from Grinnell 
College in 1909 with a bachelor of science 


O. E. Buckley 


degree, and from Cornell University in 1914 
with a doctor of philosophy degree in physics. 
He joined the Bell Laboratories in 1914 but 
his career was interrupted by service in the 
United States Army. He was placed in 
charge of the research section of the Signal 
Corps. He returned to Bell Laboratories in 
1919 and continued his work on submarine 
telegraph cables. He also conducted re- 
search in the field of wire transmission. 
In 1927 he was appointed assistant director 
of research; in 1933, director of research; 
Executive Vice-President in 1936; and 
President in 1940. Since 1948, Doctor 
Buckley has served as a member of the 
General Advisory Committee of the Atomic 
Energy Commission. He was awarded the 
Medal of Merit for his services in World 
War II. Doctor Buckley has been a very 
active member of the Institute, serving as 
Vice-President of District 3 (1946-48), and 
on the following AIEE Committees: Electro- 
physics (1926-37, Chairman 1929-31); Basic 
Sciences (1946-48); Research (1934-40) ; 
Charles LeGeyt Fortescue Fellowship 
(1939-45, Chairman 1941-45); Finance 
(1946-47) ; Edison Medal (1944-49); Tech- 
nical Program (1929-31, 1945-47); Execu- 
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tive (1946-48); and Communications ai 
Science Co-ordinating (1947-48). 


C. R. Beardsley (A ’08, F 730, Member { 
Life), retired, New York, N. Y., has be 
appointed chief of the power requiremer 
branch of the Defense Electric Pow 
ministration. He was born on Decembe 
1885, in Bridgeport, Conn., and was gr: 
uated from the Sheffield School, Yale Us 
versity, in 1905 with a bachelor of i 
+4 


C. R. Beardsley 


degree in electrical engineering. 
Beardsley served with the General I 
Company for six years and then with 
United Illuminating Company, Bridge} 
Conn., for a similar period. In 191 
went with Fred T. Ley and Compa 
Springfield, Mass., as electrical engineer 
charge of design and construction of p 
and industrial plants. In 1923 he join 


Edison Company of N. Y., Inc., when t 
New York and Brooklyn companies we 
merged in 1937. At the time of his reti 
ment in 1951 he was director of econon 
and industrial development. During W 
War II, he was loaned by his company 
the New York City Government to 4 
in bringing defense industries to the N 
York area. He is an active member of 
Institute, having served as Director (19 
41) and on the following commi 

Edison Medal (1937-41); Legislation Aff 
ing the Engineering Profession (1937 
Chairman 1939-41); Technical Progt 
(1937-41); Institute Policy (1940-42, Ch 
man 1941-42); Members-for-Life 
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44-51, Chairman 1947-50); Board of 
aminers (1950-51); and on the Special 
mmittee on Registration of Engineers 
42—46; Chairman 1942-46). 


H. Schulz (A°37, F°50), Chairman, 
sctrical Engineering Department, Armour 
search Foundation, Technology Center, 
icago, Ill., has been named 1951 President 

the National Electronics Conference, 
c.;5 W. G. Dow (A°19, F°48), professor 
electrical engineering, University of Michi- 
mn, Ann Arbor, Mich., has been named 
airman of the Board of the Conference; 

A. M. Lyon (A’38, M’47), assistant 
ofessor, Northwestern Technological In- 
tute, Evanston, Ill., has been appointed 
ecutive Vice-President; H. J. McCreary 
°24, F °46), consultant, Automatic Elec- 
¢ Company, Chicago, IIl., has been named 
cording secretary; S. R. Collis (A 48), 
gineer, Illinois Bell Telephone Company, 
c., Chicago, Ill., has been named chair- 
an, arrangements committee; R. R. 
mness (A°44), Electrical Engineering 
spartment, Northwestern Technological 
stitute, Evanston, Ill., has been appointed 
airman, housing committee; and J. D. 
yder (A ’40, M46), professor and Head, 
ectrical Engineering Department, Uni- 
rsity of Illinois, Urbana, IIl., has been 
med chairman, program committee. 


P. Neubauer (A’27, M’46), division 
gineer, Electrical Engineering Depart- 
sent, Consolidated Edison Company of 
sw York, Inc., N. Y., has been elected 
jairman of the New York Section of the 
(EE. He is currently serving on the 
iblic Relations Committee. J. A. Parrott 
f °37), telephone engineer, American Tele- 
one and Telegraph Company, New York, 
_Y., has been elected Vice-Chairman. 
e served the Institute on the Automatic 
ations Committee (1943-45). J. R. 
erner (A’40), central station division, 
estinghouse Electric Corporation, Newark, 
_J., has been named treasurer. 


. R. Hewlett (A’40, M ’47), Vice-Presi- 
nt, and David Packard (A’35), President, 
the Hewlett-Packard Company, ’Palo 
to, Calif., have made a gift in the ndme 
their company to Stanford University 
lich will enable it to construct a wing 
joining the new applied research center. 
lis wing will be the center of electronics 
struction at the University. Since 1949, 
r. Hewlett has served the Institute on the 
V Broadcasting Systems Committee. Mr. 
ckard currently is serving the Institute on 
e Electronics and Instruments and Meas- 
ements Committees. 


. V. Kahler (M ’39, F ’46), Vice-President, 
inois Bell Telephone Company, Chicago, 
., has received one of the first Honor 
yards for Distinguished Service in Engi- 
ering from the University of Missouri, 
lege of Engineering. He was graduated 
m the University of Missouri in 1922 with 
bachelor of science degree in mechanical 
gineering. For two years following his 
aduation he was associated with the 
ll Telephone Laboratories, Inc., New 
rk, N. Y., and then in 1924 he became 
engineer in the General Engineering 
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Department of the Illinois Bell Telephone 
Company. He was appointed successively 
to the following positions: division plant 
supervisor; chief engineer; and in 1943 he 
was named assistant Vice-President and 
general manager. Mr. Kahler is also a 
member of the Western Society of Engineers. 


G. G. Boyle (A’46), field engineer, Sales 
Department, Micro Switch Division, Minne- 
apolis-Honeywell Regulator Company, New 
York, N. Y., has been named branch 
manager of the New York office for the 
Division. He is an engineering graduate of 
the Newark College of Engineering. He 
joined the company in 1946, after having 
been previously employed by the Electric 
Boat Company. Richard Destefano (A ’42), 
field engineer, Sales Department, Micro 
Switch Division, Minneapolis-Honeywell 
Regulator Company, Chicago, IIl., has been 
named branch manager of the Detroit 
office of the Division. He graduated from 
the Carnegie Institute of Technology and 
joined the Chicago office of the Division in 
1945 where he held several sales positions 
before his latest promotion. 


D. B. McKey (A’45), Partner, Dixie B. 
McKey and Associates, Washington, D. C., 
has been appointed a field sales representa- 
tive for the Radio Corporation of America 
microwave and mobile communications 
products. Mr. McKey will supervise sales 
and installation of microwave equipment 
throughout the southern United States. 
His previous experience includes: serving on 
the technical staff of the American Telephone 
and Telegraph Company; from 1936 until 
1944 he was general communications sales 
manager for Graybar Electric Company; 
and from 1944 until his recent appointment 
he was owner and operator of his own 
consulting radio engineering firm. Mr. 
McKey is also a member of the Institute of 
Radio Engineers. 


R. I. Hanford (M.’42), electrical engineer, . 


and E. W. Larsow (A ’42), electrical engi- 
neer, both of the Ilg Electric Ventilating 
Company, Chicago, IIl., have been ap- 
pointed head, Electrical Engineering De- 
partment, and engineer in charge of the 
electrical division, respectively. Mr. Han- 
ford joined the company in 1914 as a drafts- 
man. He later was in charge of the electrical 
engineering division, working on motor 
design. Mr. Larson became associated with 
the company in 1941 and worked under 
Mr. Hanford in the design and development 
of electric motors, specializing in single- 
phase motor design, development, and per- 
formance. 


R. C. Freeman (M’44), engineering 
manager, welding divisions, General Electric 
Company, Fitchburg, Mass., has been 
named acting manager of the welding 
divisions. He joined the company in 1929, 
and shortly thereafter he was transferred to 
the Lynn, Mass., plant and was assigned to 
the motor engineering division. In 1936, 
he went to the welding section and in 1946 
assumed the post of the division engineer 
of d-c welders at Fitchburg. He was named 
manager of engineering two years later. 
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Mr, Freeman has served the Institute on the 
Electric Welding Committee since 1947. 


J. Stanley Brown (A’23, F 50), electrical 
station engineer, Electrical Engineering De- 
partment, Duquesne Light Company, Pitts- 
burgh, Pa., has been appointed electrical 
engineer. Mr. Brown has been electrical 
station engineer in charge of all Duquesne 
Light Company power station and substation 
electrical engineering and design since 1945. 
He has served the Institute on the Switchgear 
Committee since 1947. Samuel Rosenbach 
(A?23, F 48), general engineer, Electrical 
Engineering Department, Duquesne Light 
Company, Pittsburgh, Pa., has been ap- 
pointed assistant electrical engineer. He 
has been active in transmission engineering 
since joining the company in 1922. 


T. C. Pearce (A ’22,.M °37), superintendent, 
Substation Department, Potomac Electric 
Power Company, Washington, D. C., has 
been appointed general” superintendent, 
Electric System. Mr. Pearce has been with 
the company for 30 years. W. L. Hatton 
(A’41, M°48), assistant superintendent, 
Substation Department, has been appointed 
superintendent. Mr. Hatton has been with 
the company since 1919. J. R. O'Hanlon 
(A?37, M’50), senior engineer, System 
Planning Department, has been made 
engineer assistant to the Vice-President in 
charge of operations. 


J. G. Ausman (M°’45), Vice-President, 
Southwestern Public Service Company, 
Amarillo, Tex., has been named Executive 
Vice-President; and H. O. Hodson (A ’*45), 
chief engineer, System Engineering Depart- 
ment, will replace Mr. Ausman as Vice- 
President and operating manager. Mr. 
Ausman has been connected with the South- 
western Public Service Company since 1928. 
He was transferred to Amarillo, Tex., as 
operating manager in 1944, and was made 
Vice-President in 1947. Mr. Hodson joined 
the company in 1938, and has been chief engi- 
neer since 1941. 


J. V. McGuire (A °47), electrical engineer, 
Electrical Department, Allis-Chalmers Man- 
ufacturing Company, Milwaukee, Wis., has 
been named engineer in charge of sales of the 
unit substation section. Following his grad- 
uation from Lehigh University in 1940, Mr. 
McGuire joined the company, working in its 
transformer, motor-generator, switchgear, 
and mixed apparatus sections. Until his new 
appointment, he was application engineer in 
the unit substation group. 


A. G. Johnson (M ’49), assistant chief engi- 
neer, Omaha Public Power District 936, 
Omaha, Nebr., has been promoted to the 
position of chief engineer. Mr. Johnson be- 
gan his work with the utility in 1928 and his 
experience also includes that of field engi- 
neer, construction engineer, and under- 
ground engineer with the utility. 


R. B. Steinmetz (A’26, M48), manager, 
Marion Mill Sales, Anaconda Wire and 
Cable Company, Marion, Ind., has been ap- 
pointed general manager of mills with head- 
quarters at Hastings-on-Hudson, N.Y. Mr. 
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Steinmetz has been with the company since 
1930 and his experience includes being dis- 
trict sales engineer in Boston and Cleveland. 
In 1941, he was appointed a special Washing- 
ton representative for the company. In 
1948, Mr. Steinmetz was made manager of 
the Marion mill. 


L. J. Dunlap (A ’36, M ’42), sales engincer, 
Westinghouse Electric Corporation, Chicago, 
Ill., has been appointed as representative of 
the Chicago Section of AIEE to the Chicago 
Advisory Committee, Engineering Societies 
Personnel Service. 


F. E. Nutt (A 736), district manager, Crocker 
Wheeler Division, Elliot Company, Chicago, 
Ill., has been appointed district manager of 
the Denver, Colo., office of the Elliot Com- 
pany. Prior to his association with the 
Elliot Company, Mr. Nutt was employed for 
-eight years by the General Electric Company. 


R. P. Ballou (M ’37), chief engineer, Federal 
Electric Products Company, Hartford, Conn., 
has been appointed chief engineer of the 
Howell Electric Motors Company, Howell, 
Mich. Mr. Ballou is a graduate of Iowa 
State College and his experience includes 
association with the Raytheon Manufac- 
turing Company, Waltham, Mass., the 
Allen-Bradley Company, Milwaukee, Wis., 
and the Westinghouse Electric Corporation, 
East Pittsburgh, Pa. 


E. W. Kimbark (A’27, F 48), professor of 
electrical engineering, Northwestern Uni- 
versity, Evanston, IIl., has accepted a posi- 
tion as professor of electrical machinery at 
the Instituto Tecnologico de Aeronautica, 
Sao Paulo, Brazil. In addition to his new 
position he also will be acting head of the 
division of electronics of the Institute. He 
served on the AIEE Basic Sciences Com- 
mittee (1950-51). 


H. P. Steele (A’44), President, Benjamin 
Electric Manufacturing Company, Des 
Plaines, Ill., has been elected a Director of 
the American Standards Association. Mr. 
Steele has taken a leading part in standard- 
ization work for many years. Mr. Steele is 
also a member of the National Electrical 
Manufacturers Association and the Illumi- 
nating Society. 


R. N. McCollom (A ’47), central station sale 
supervisor, Westinghouse Electric Corpora- 
tion, Detroit, Mich., has been given a year’s 
leave of absence to aid in the nation’s pre- 
paredness program. Mr. McCollom will 
work in the Power Equipment Division of the 
National Production Authority, Washington, 
D. C., in charge of the Switchgear Section. 


R. W. Kunkle (A’49), manager, anchors 
and construction equipment sales, A. B. 
Chance Company, Centralia, Mo., has been 


appointed to the position of engineering - 


manager. Mr. Kunkle holds an electrical 
engineering degree from Cornell University, 
He was associated with the General Electric 
Company before joining the A. B. Chance 
Company in 1948. 
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J. A. Green (A 42, M ?49), electrical engi- 
neer, Dallas, Tex., has been appointed sales 
representative in the southwest territory for 
the Amperex Electronic Corporation, Brook- 
lyn, N. Y. Mr. Green served the Institute on 
the Electronics Committee (1946-47). He 
is also a member of the Institute of Radio 
Engineers and the American Petroleum 
Institute. 


R. J. Thompson (A ’42, M47), sales engi- 
neering manager, California Region, Trum- 
bull Electric Manufacturing Company, 
North Hollywood, Calif., has taken military 
leave of absence from his position. He is on 
extended active duty as a major with the 
United States Air Force in the Directorate 
of Technical Inspection, Norton Air Force 
Base, San Bernardino, Calif. 


G. R. Dayton (A ’44), assistant sales man- 
ager, Cline Electric Manufacturing Com- 
pany, Chicago, Ill., has been appointed 
general sales manager of the company. 


G. A. Goddard (A’47), regional manager, 
Locke, Inc., Atlanta, Ga., has been ap- 
pointed regional manager of the New York 
area for the company. 


OBITUARY eeccece 


Erroll Warren Allen (A’35, M739), plant 
extension engineer, Southwestern Bell Tele- 
phone Company, Oklahoma City, Okla., 
died on February 21, 1951. He was born 
on March 29, 1896, in Russell, Kans. In 
1923 he received a bachelor of science degree 
in electrical engineering from Kansas Uni- 
versity and a law degree from the Dallas 
(Tex.) School of Law. His career with the 
Southwestern Bell Telephone Company 
began in 1923. After experience in Missouri 
and Texas, he was appointed plant extension 
engineer for Oklahoma in 1937. Mr. Allen 
was a past Chairman for the Oklahoma City 
Section of the AIEE and was National 
Vice-President of the 7th District of the 
AIEE, in charge of membership. 


Maurice Charles Rypinski (A’03, M13, 
Member for Life), retired, La Jolla, Calif., 
died on November 3, 1950. He was born 
in Giddings, Tex., on November 8, 1877. 
He was graduated from Rose Polytechnic 
Institute in 1897 with a degree of bachelor 
of science in electrical engineering. After 
graduation Mr. Rypinski became associated 
with the General Electric Company where 
he worked on electric testing apparatus and 
measuring instruments. In 1906 he joined 
the Westinghouse Electric Manufacturing 
Company (now the Westinghouse Electric 
Corporation) where he was the manager 
of the meter and transformer section of the 
Supply Sales Department. At the time of 
his retirement in 1947, Mr. Rypinski was 
Vice-President of the Kolster Radio Cor- 
poration. 


Guy A. Moffett (M °44), assistant manager, 
industry control _ engineering division, 
General Electric Company, Schenectady, 
N. Y., died on March 27, 1951. He was 
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born on November 18, 1900, in Wai 
W. Va. He was graduated from 
Virginia University in 1924 with a ba 
of science. degree in electrical engi 
That same year he joined General 
as a student engineer on the Test ( 
and was transferred to the control di 
a year later as a proposition engineer, — 
was made a line engineer in 1928, and i 
1939 became a section engineer. Followin 
various supervisory positions, he was name 
engineer of the divisions’ industry divisio 
in 1948. In1950 Mr. Moffett was appointe 
assistant to the manager of engineering fi 
the control divisions and held that post uni 
his recent appointment to assistant manage 
of engineering for the divisions. M 
Moffett was also a member of the Associatio 
of Iron and Steel Engineers. 


: 


Robert DeVere Hope (A’06, M1! 
Member for Life), consulting enginee 
Newark, N. J., died on March 23, 195 
He was born in Richmond, Va., in 188: 
and was graduated from the Polytechn 
Institute of Brooklyn (N. Y.) in 1907 wit 
a degree of electrical engineer. Aft 
graduation he worked with the New Yor 
Bell Telephone Company in the Engineerir 
Department until 1919 when he establishe 
himself as an consulting engineer. 

Hope served in World War I as a captai 
and served again in World War II i 
Europe. He was retired in 1944 with th 
rank of lieutenant-colonel. He was al: 
a member of the American Society of Mi 
tary Engineers and the American Soc 
of Mechanical Engineers. 4 


¥ 


James Reuben Raney (A°44, M°*48 
general meter superintendent, Georgia Pow 
Company, Atlanta, Ga., died on March 2 
1951. He was born in LaFayett, Ala., o 
July 16, 1898. From 1920 to 1926, he w: 
a meter and relay tester for the Columb 
Electric and Power Company, Colum 
Ga. For the next four years he was sup 
intendent of service for the South Georgi 
Power Company, Albany, Ga., and in 192 
Mr. Raney became associated with tt 
Georgia Power Company. He was Chairma 
of the Georgia Section of the AIEE, and 
also a member of the Edison Ele 
Institute. . / 
1 


Daniel Joseph Fleming (A’06, Membr 
for Life), retired, Brooklyn, N. Y., died ¢ 
April 2, 1951. Mr. Fleming was born | 
Ireland in 1875. He attended Queei 
College and came to the United States i 
1897. He was associated with the Gener 
Electric Company from 1902-04, 
Allis-Chalmers Manufacturing Compat 
from 1905-08, and with the Westinghou 
Electric Manufacturing Company (now tf 
Westinghouse Electric Corporation) {foi 
1909-11. He was also chief engineer 

charge of construction and operation f 
Tucaman, Argentina. Before his retiremei 
Mr. Fleming was connected with the Puk 
Service of New York State. 


Daniel Macfarlane Fraser (M17, F’ 
Member for Life), President and gene 
manager, D. M. Fraser, Ltd., Torot 
Ontario, Canada, died on January 20, 19 
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was born on April 15, 1879, in Edin- 
zh, Scotland, and was graduated from 
iot Watt College with a diploma in 
trical engineering. He came to Canada 
910 and for several years he was employed 
in estimating engineer for the Canadian 
eral Electric Company. In 1921 he 
blished the D. M. Fraser Company. 
_ Fraser was also a member of the Pro- 
onal Engineers of Ontario and the 
imeering Institute of Canada. 


liam Lasko (A°48), electrical main- 
ance foreman, Caterpillar Tractor Com- 
yy, Peoria, Ill, died on April 8, 1951. 
was born on May 12, 1892, in Decatur, 

He was associated with the Wabash 
lroad from 1913-22 and in 1928 became 
nected with the Caterpillar: Tractor 
mpany. He was made foreman in 1940. 
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commended for Transfer 


he board of examiners at its meeting of April 19, 
|, Tecommended the following members for trans- 
o the grade of membership indicated. Any objec- 
3 to these transfers should be filed at once with the 
etary of the Institute. A statement of valid reasons 
such objections, signed by a member, must be 
ished and will be treated as confidential. 


Grade of Fellow 


han, O., transmission & substation engr., Public 
Service Electric & Gas Co., Newark, N. J. 

k, A. L., retired, 14 Ashland St., Worcester, Mass. 
ards, G. D., director of quality assurance, Bell 
Telephone Labs., Inc., New York, N. Y. 

ee oe editor-in-chief, Electronics, McGraw-Hill 
Publishing Co., New York, N. Y. 

7, H. A., mgr. of engg., Locke Incorporated, Balti- 
‘more, ar Lae 

steen, H. B., prof. of elec. engg., The City College 
of New York, N. Y. ra \ F 
ibsen, W. E., asst. mgr., federal & marine engg. 
div., General Electric Co., Schenectady, N. Y. 
ies, C. A., asst. to elec. engr., Public Service Co. of 
‘Northern Illinois, Chicago, Il. 

ss, R. A., district mgr. of engg., General Electric 
Go., New York, N. Y. 

Motte, W. R., genl. supt. of generation, Public 
Service Electric & Gas Co., Newark, N. J. 

je, L. J., consulting engr., Allis-Chalmers Mfgr. 
Co., Hyde Park, Mass. 

Joy, R. L., chief design engr., Locke Incorporated, 
Baltimore, Md 

farlane, M. L., consulting engr., Box 192, Sierra 
Madre, Calif. : 

age R., vice pres., Elec. Service Manufacturing 
Co., Philadelphia, Pa. 

rson, E., member of technical staff, Bell Telephone 
Laboratories, New York, N. Y. 

= Bee engineer, American Tel. & Tel. Co., New 

ork, N. Y. 
sell, J. B., Jr., professor of elec. engg., Columbia 
University, New York, N. Y. 
er, E. H., research engr., Electrical Testing Labora- 
tories, Inc., New York, N.Y. 
a0ff, D., chairman of board, chief executive officer, 
Radio Corporation of America, New York, N. Y. 

, R. E., director of television technical opera- 
ov National Broadcasting Co., Inc., New York, 
ine Y. ; 

, C. C., mgr., small motor div., Westinghouse 

ctric Corp,, Lima, Ohio 

et. J., director of switching engg., Bell Telephone 
‘Laboratories, New York, N. Y. . 
of L. S., mgr., transformer div., Westinghouse 
Electric Corp., Sharon, Pa. 
ght, H., special project engr., Anaconda Copper 
Mining Co., New York, N. Y. em is 
dup, A., director of military communications engg., 
‘Bell Telephone Laboratories, New York, N. Y. 
d, E., supt. of power supply, Commonwealth Edison 

., Chicago, II] F F 
E. C., mgr. power mopply Public Service Co. 
of Northern Illinois, Chicago, fll. 
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Grade of Member 

ck, G. W., chief engr., John A. Roebling’s Co., 
Trenton, N. J. : 

ess, M. C., chief engr., A. J. F. Industries, Inc., 


Brooklyn, N. Y. : 
ala, J. B. asst. prof. of elec. engg., Pratt Institute, 
‘Brooklyn, N. Y. 
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Alexander, D. C., asst. prof., Worcester Polytechnic 
Institute, Worcester, Mass. 
Baker, F, E., mgr. specialty transformer dept., Westing- 
house Electric Corp., Sharon, Pa. 
Ball, C. E., elec. engr., technical studies div., Sao Paulo 
es Light & Power Co., Ltd., Sao Paulo, 
cr: 


Barton, H. J.» Jr. elec. engr., St. Louis County Water 
Co., University City, Mo. 

Bednarz, F, J., asst. head, guidance & control div., 
U.S. Naval Ordnance Test Station, Pasadena, Calif. 

Bell, P. M., electrical service supervisor, Westinghouse 

_ Electric Corp., Philadelphia, Pa. 
Biester, W. H., Jr., pres., Electro Construction Co., 
_ Philadelphia, Pa. 

Biggs, H. C., staff member, Sandia Corp., Albuquerque, 
New Mex. 

Brangan, C. S., owner, Bra Bon Electric Co., Bala- 
Cynwyd, Pa. 

Buck, J. R., petroleum engr., DeGolyer & Mac- 
Naughton, Consultants, Dallas, Tex. 

Bunton, G. R., div. general supt., Southwestern Public 
Service Co., Lubbock, Tex. 

Burns, L. L., Jt research engr., RCA labs. div., Radio 
ee ears of America, Princeton, N. J. 

Campbe: ee S., Jr., senior designer, NEPA div., Fair- 
child Engine & Airplane Corp., Oak Ridge, Tenn. 

Caplan, R. S., elec. engr., HPL div., Gulf Refining Co., 
Houston, Tex. 

Case, R. D., Jr., consulting & application engr., West- 
inghouse Electric Corp., Philadelphia, Pa. 


Cole, B. R., elec. engr., Raytheon Manufacturing Co., 


Waltham, Mass. 

Conner, J. O., district plant supt., Southwestern Bell 
Telephone Co., Lawton, Okla. 

Connor, H. F., Jr., instructor, University of Michigan, 
Ann Arbor, Mich: 

Cooper, R. J., protection engr., Georgia Power Co., 
Atlanta, Ga. 

Cottrell, G. L., assoc. prof. of elec. engg., Cornell 
University, Ithaca, N. Y. 

Cree, J. G., mgr. of utilities, Borough of Chambersburg, 
Chambersburg, Pa. 

de Freitas, J. S., chief, technical div., Sao Paulo Tram- 
way Light & Power Co., Ltd., Sao Paulo, Brazil 

deGruy, W. V., asst. elec. engr., New Orleans Public 

Der oi Inc., Hew petig? La. ae ~ 

ilorio, F., Jr., elec. engr., Burns & ne., New 

York, Cie ag AE: 

Dake, C. J., elec. engr., Phillips Petroleum Co., Phillips, 

ex, 


Dummer, R. A., engr. chge. of test, Pennsylvania Trans- 
former Co., Canonsburg, Pa. 

Dyer, G. L., district engr., Southwestern Bell Telephone 
Co., Tulsa, Okla. 

Ehrhardt, J: I., supervisor of elec. engg., Excello Corp., 
Detroit, Mich. 

Fairchild, E. L., asst. prof. of elec. engg., Wayne Uni- 
versity, Detroit, Mich. 

ee F. L., elec. engr., El Paso Electric Co., El Paso, 

‘ex. 

Hamann, C. E., mgr., application engg. section, General 
Electric Co., West piss Mass. 

Hehner, N. E., chief engr., Auto-Lite Battery Corp., 
Owosso, Mich. 

Horn, R. T., engr..St. Joseph Light & Power Co., 
Maryville, Mo. 

Howard, F. C., asst. supt., kramer wer station, 
Nebraska Public Power System, Bellevue, Nebr. 

Hull, R. S., elec. research engr., National Cash Register 
Co., Dayton, Ohio 

Jordan, C. E., chief elec. engr., General Industries, 
Inc., Philadelphia, Pa. 

Kaplan, R., elec. engr., Howell Electric Motors Co., 
Howell, Mich. 

Kemp, H. L., assoc. elec. engr., Public Lighting Com- 
mission, Detroit, Mich. 

Klumb, R. K., senior substation engr., Southern Cali- 
fornia Edison Co., Los Angeles, Calif. 

Lane, G. L., elec. design engr., Washington Water 
Power Co., Spokane, Wash. 

Lefler, C. C., design engr., Kuhlman Electric Co., 
Bay City, Mich. : 

Mangum, G. G., chief elec. engr., Headquarters Air 
Training Command, Scott AFB, Ill. 

Mann, W. B., treasurer & elec. engr., The Wolfe & 
Mann Mfer. Co., Baltimore, Md. 

Martin, S. A., supt. of underground lines, Celumbus & 
Southern Ohio Electric Co., Columbus, Ohio 
jaa G., asst. prof. of elec. engg., dunham lab., Yale 

niversity, New Haven, Conn. 

Merriam, F. R., project engr., Redmond Co., Inc., 
Owosso, Mich. : . 

Merrill, R. L., asst. supervisor, Battelle Memorial 
Institute, Columbus, Ohio 

Mitchell, CG. A., vice pres., Day & Zimmermann, Inc., 
Philadelphia, Pa. : 

Moriaty, J. D., elec. engr., Gulf Oil Corp., Port Arthur, 
T 


‘ex. 

O’Brien, R. P., supervising engr., public utilities dept., 
California Public Utilities Commission, San Fran- 
cisco, Calif. : 

Owen, T. B., research engr., Hughes Aircraft Co., 
Culver City, Calif. boil 

Paige, A. E., assoc. prof., elec. engg. dept., University 
of Denver, Denver, Colo. ’ 

Palmer, L., engr., Puget Sound Power & Light Co., 
Seattle, Wash. : 

Parks, R. C., asst. sales mgr., Howell Electric Motors 
Co., Howell, Mich. ; : 

Peirce, H. B., vice pres., International General Electric 
Co., Inc., New York, N. Y. 4 : ; 

Pollock, R. B., elec. enere Southern California Edison 
Co., Los Angeles, Calif. 

Powell, R. M., electronic engr., Naval Ordnance 
Laboratory, Silver Spring, Md. ? 

Pringle, A. E., vice pit & chief engr., Pringle Elec. 
Mig. Co., Philadelphia, Pa. 
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Roadhouse, G. S., substation engr., Omaha Public 
Power District, Omaha, Nebr. 
Rumohr, C. G., system relay engr., Public Service Co. 
4 be th pia Deis: tn = = 
mi . L., supt. o! wer, Philadelphia Transporta- 
Gan Gan Puladelphis. Pat - 
Strobel, H. C., acting aerial lines engr., Potomac 
Electric Power Co., Washington, D. C. 
Takle, K. J., electronic scientist, U.S.N. Electronics 
Laboratory, San Diego, Calif. 
Tayler, W. L., engr., Commonwealth Edison Co., 
Chicago, IIL. 
racy R. P., asst. chief transformer engr., Line 
aterial Co., Zanesville, Ohio 
Vogel, G. E., elec. engr., Tennessee Valley Authority, 
Chattanooga, Tenn. 
Warren, C. E., assoc. prof. of elec. engg., Ohio State 
University, Columbus, Ohio 
Weimer, F. C., assoc. prof. of elec. engg., Ohio State 
University, Columbus, Ohio 
Westbrook, W. L., div. supt., Georgia Power Co., 
Columbus, Ga. ; 
Whitaker, G. R., div. supt., Oklahoma Gas & Electric 
Co., Oklahoma City, Okla. 
Wilie, C. L., Jr., relay engr., Texas Power & Light Co., 
Dallas, Tex. 
Witt, E. T., asst. elec. engr., Stone & Webster Engg. 
Corp., Boston, Mass. 


75 to grade of Member 


Applications for Election 


Applications for admission or re-election to Institute 
membership, in the grades of Fellow and Member, have 
been received from the following candidates, and any 
member objecting to election should’ apy. a signed 
statement to the Secretary before June 25, 1951, or 
August 25, 1951, if the applicant resides outside of the 
United States, Canada, or Mexico. 


To Grade of Member 
Andrews J. K., Collyer Insulated Wire Co., Pawtucket, 


Andrus, O. E., A. O. Smith Corp., Milwaukee, Wis. 
Bones T., Westinghouse Elec. Corp., New York, 


Berring, H., Weston Electrical Instrument Corp., 
Newark, N. J. 

Bolton, D. yd British Electricity Authority, London, 
Englan 

Bradley, J. F., Jr., General Elec. Co., St. Louis, Mo. 

Brown, C. C., General Elec. Co., Los Angeles, Calif. 

Brubaker, J. F., Westinghouse Elec. Corp., Sharon, Pa. 

Chakrabartty, D. N., College of Engg. & Tech., P. O. 
Jadavpur College, Calcutta, India . : 

Cooper, V. E., Cincinnati Gas & Elec. Co., Cincinnati, 


Ohio 

Eiselein, J. E., RCA Victor, Camden, N. J. 

Eppes, J. B., Jr., Rural Electrification Admin., Wash- 
ington, D. C, 

Evans, W. J., Ford Motor Co., Detroit, Mich. 

Fitzgerald, G. W. N., Hydro-Elec, Power Comm. of 
Ontario, Toronto, Ontario, Canada 

eae R. E., Johns-Manville Sales Corp., Cleveland, 

io 


Gustaveson, J. W., Gustaveson, Inc., Dodson, Mo. 

Hand, E., Nashville Elec. Service, Nashville, Tenn. 

Hill, D. M., Boonton Radio Corp., Boonton, N. J. 

Hose, R. H., Henry Dreyfuss, New York, N. Y. 

ones, W. D., Wm. J. Moran Co., Alhambra, Calif. 

ordan, E, L., University of Kansas, Lawrence, Kans. 

Juggins, C. E., General Motors Holdens, Melbourne, 
Australia 

Kallas, E., Jack S. Steele Co., Philadelphia, Pa. 

Karlson, A. T., Westinghouse Elec. Corp., Chicago, IIl. 

Kegelman, W., Philadelphia Elec. Co., Philadelphia, Pa. 

Feats T., Societa Termoelettrica Veneta, Venezia, 

ta 

Loucks, W. W., Hydro-Elec. Power Comm. of Ontario, 
Toronto, Ontario, Canada 

MacNichol, G. F., Southern Bell Tel. Co., Miami, Fla. 

Mancke, R. B., American District Telegraph Co., Inc., 
New York, N. Y. 

McMeekin, S. C., South Carolina Elec. & Gas Co., 
Columbia, S. C. 

Mejia L., F., Edificio Banco de la Republica 612, 
Medellin, Colombia, South America 

Moosbrugger, F. J., Public Service Co. of No. Illinois, 
Northbrook, Ill. 

Myers, E. C., 3612 Tennyson St., San Diego, Calif. 

Neukomm, W. H., Southwestern Bell Tel. Co., Wichita, 
K 


ans. 

Pai, M. H., Taiwan Power Co., Taiwan Trading Corp., 
Taipeh, Taiwan, China 

Priest, ee Public Service Co. of New Hampshire, Keene, 
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Englewood, N. J., Telephone Subscribers to 
Get Coast-to-Coast Dialing Equipment 


The first coast-to-coast dial call by a tele- 
phone subscriber will be made this fall. 
Equipment required for the initial use of 
coast-to-coast dialing by customers will be 
installed in the Englewood, N. J., exchange 
of the New Jersey Bell Telephone Company 
starting in June, and should be in use by 
the end of the year. 

The intricate switching apparatus, de- 
velopment of which climaxes years of re- 
search by the Bell Telephone Laboratories, 
will enable subscribers to span the continent 
through ten pulls of the dial instead of the 
customary seven now used in completing 
calls to shorter distances. 

In the initial phase of cross-country dial- 
ing, 10,000 customers in the Englewood 
exchange area will be able to dial directly 
to any of 11,000,000 telephones in such 
cities as San Francisco, Chicago, Cleveland, 
Detroit, and Boston and many of their 
adjacent suburbs. 

Telephone operators have been dialing 
calls across the country for several years. 
At the present time one out of every three 
long-distance calls is dialed directly by the 
operator, but Englewood will mark the first 
time that subscribers will be able to dial 
calls covering so wide an area. 

Long-distance calls, which averaged 14 
minutes to connect 30 years ago and which 
average two minutes today, may be com- 


OAKLAND 
SAN FRANCISCO 
SACRAMENTO 


The Bell System in preparing for nation- 


wide dialing has assigned a special 3-digit 

code to more than 80 areas. In the inauguration 
this fall only the 11 points cited on the map, plus 
two othersin nearby New York, will be put into use 
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pleted in a matter of seconds under sub- 
scriber long-distance dialing. 

A country-wide numbering plan, which 
includes parts of Canada, plays a key role 
in the nation-wide dialing system. In all, 
there are more than 80 numbering plan areas, 
each of which is assigned a special 3-digit 
code. For example, on a call from Engle- 
wood to San Francisco, the subscriber will 
first dial the latter’s code of ‘3-1-8 and 
follow immediately with the number of the 
telephone being called. On a call to a sub- 
scriber with the number of GArfield 1-9950 
in San Francisco, the calling party will dial 
the 10-digit combination of 318-GA1-9950. 

The equipment installed in the Englewood 
central office stores up the digits dialed, and 
as soon as the tenth digit is recorded the call 
is automatically switched over telephone 
highways to the called telephone in San 
Francisco. (Calls to soie party-line tele- 
phones may require 11 digits before the call 
can be completed.) 

At the start of the Englewood dial trial, 
13 codes will be in use covering areas served 
by 800 central offices. In addition to the 
codes for San Francisco, other areas and 
their codes within the dialing range of 
Englewood subscribers will be: Philadel- 
phia, 2-1-5; Providence, 4-0-1; Pittsburgh, 
4-1-2; Cleveland, 2-1-6; Detroit, 3-1-3; 
Chicago, 3-1-2; Milwaukee, 4-1-4; Odak- 
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land, 4-1-5; Sacramento, 9-1-6; Bos 
6-1-7. 

Additional areas in New York State ; 
will be within reach of Englewood ; 
scribers through the use of two other cod 

The trial customer long-distance dia 
is limited to Englewood, and it was em 
sized that subscribers in the 13 areas will 
at this time be able to dial Englewood 
rectly even though they will be able © 
ceive direct dial calls from Englewood, — 

Keeping track of the charges on custon 
dialed long-distance calls also will be d 
automatically. Installations of Autom 
Message Accounting (AMA) equipment : 
register each step of a call, includir 
number of the calling telephone, the 
change and number of the called telephc 
date and time of day, and length of c 
(An article entitled “Fundamentals ¢ 
Automatic Telephone Message Accou 
System”? by John Meszar appeared in Al 
Transactions, volume 69, part I, 1950, pz 
255-68). ; 

The information is recorded on paper t 
which is later run through a decoding 1 
chine which assembles, siren 
summarizes, and prints the information i 
form that can be used in preparing ¢ 
tomers’ bills. Busy and don’t-answer c 
are automatically eliminated by the Al 
machinery. . 

The first coast-to-coast dial call comes 
a time when the world is observing the 7 
anniversary of the invention of the telephi 
by Alexander Graham Bell and 36 ye 
after the first coast-to-coast telephone « 
in 1915. 
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ELECTRICAL ENGINEE: 


lew Luminous Flux Values Are Assigned 


Mercury-Vapor Lamps by the NBS 


The National Bureau of Standards (NBS) 
nounces new luminous flux values for 
rcury-vapor lamps derived from the new 
otometric units which were formally 
ablished in this country by law in July, 
90. The revaluation places mercury 
nps on a basis consistent with incandes- 
at and fluorescent lamps. Standards of 
adle power or luminous flux for the incan- 
scent and fluorescent lamps issued or 
librated by the NBS have been based on 
> new units since 1948 when such values 
re first introduced in the United States 
lowing international agreement. For in- 
ndescent lamps the changes in values thus 
ought about were relatively unimportant, 
ing less than one per cent for lamps in 
mmon use. No changes were necessary 
- fluorescent lamps because their develop- 
sent has been so recent that they have 
ways been calibrated in terms of the new 
its originally proposed in 1938. Changes 
the rated values for mercury lamps, how- 
er, are as large as nine per cent for one 
ie. 

The chief advantages of the new system of 
jotometric units are the establishment of 
€ units on a reproducible physical basis 
id the international standardization effected 
the same time. In this system the unit of 
tensity of light is the candle, which is 
60th the intensity of one square centimeter 
a perfect radiator (known as a “black 
\dy””) when operated at the temperature of 
ezing platinum. The unit of flux of light 
the lumen or the flux in a unit of solid angle 
ym a source having an intensity of one 
ndle. The candle power and luminous 
ix of lights whose colors are different from 
€ primary standard are evaluated by 
eans of standard luminosity factors repre- 
ating the spectral sensitivity of the average 
€ under specified conditions. 

The mercury lamp standards involved in 
is revaluation are the 400-watt and the 
Q-watt sizes. They were originally evalu- 
ed in 1936 by direct visual comparison 
th the incandescent lamp standards in 
rce at that time. Such comparison, how- 
er, poses one of the most difficult of visual 
jotometric problems because the spectral 
stributions of radiant flux in the two types 
light sources are of such radically different 


pes. The incandescent light gives a con- 
juous spectrum throughout the whole 
ible range. Light from the mercury arc, 
| the other hand, is concentrated largely in 
few lines in the yellow, green, blue, and 
jlet regions of the spectrum. Even 
ough calibrated filters are placed over the 
candescent lamps to give an approximate 
lor match, there still remain the usual 
dividual observer differences common to 
terochromatic photometry but accentu- 
ed in this case by possible large differences 
macular pigmentation among the ob- 
ers. Although eight observers were 
in the 1936 measurements and the 
lotometric conditions such as field size and 
minance (photometric brightness) were 
se accepted as standard for such work, the 
al values were unavoidably subject to 
siderable uncertainty, as recognized at 


The development of an accurate physical 
photometer by the NBS has made possible 
the revaluation of the candle power and 
luminous flux of these mercury-vapor lamp 
standards with greatly increased certainty. 
While the idea of the physical photometer is 
not new, its development to the present state 


portional to that of the average human eye 

Major improvements have been intro- 
duced into both of these elements since the 
equipment was first designed in 1941. The 
sensitive galvanometer and potentiometer 
originally used have been replaced by a 
photoelectric self-balancing potentiometer 
and amplifier; the output is used to operate a 
recorder. The use of a sectored disk driven 
by a synchronous motor gives equal periods 
of “‘light-off” and “light-on,” and the re- 
corder automatically provides a record of the 
readings and plots a graph to determine the 


A physical photometer consisting of a luminosity filter and thermopile, with auxiliary 

apparatus, being used at the National Bureau of Standards to measure the luminous 

intensity of a mercury-vapor lamp. From left to right on the bar photometer are (1) a 

large brass black body in which the thermopile is mounted, (2) the luminosity filter, 

which accurately duplicates the spectral sensitivity of the human eye, and (3) a rotating 
disk, which gives equal periods of “light on” and “light off” 


of perfection by the Bureau is largely re- 
sponsible for the improved accuracy. There 
are two principal elements in this instru- 
ment: the thermopile detector with its 
amplifying and recording attachments, and 
the luminosity filter by means of which the 
radiant flux incident on the detector is 
weighted to give a response which is pro- 


response, without the necessity of balancing 
the potentiometers. 

Manufacturers of and others interested in 
mercury-vapor lamps have been kept in- 
formed of the progress of this work. By mu- 
tual agreement, effective August 1, 1950, all 
calibrations of mercury-vapor lamps are on 
the new basis, 


Electrical and Magnetic Magnitudes and 


Units to Have International Standards 


Continuing progress is being made in the 
direction of international standardization of 
electrical and magnetic magnitudes and 
units under the auspices of Technical 
Committee Number 24 of the International 
Electrotechnical Commission (IEC). Exist- 
ing differences of definitions in different 
countries are being eliminated gradually. 
This, it is anticipated, will be of benefit to 
electrical engineering throughout the world. 

One of the over-all objectives of the 
committee is to formulate for general ac- 
ceptance the meter-kilogram-second (MKS) 
system, sometimes called the Giorgi System. 
Use of the MKS system results in units of 
current, voltage, and resistance which are 
respectively the ampere, the volt, and the 
ohm. This makes it more suitable for 
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engineering work than the centimeter-gram- 
second (CGS) system, which is in wide- 
spread use. It is recognized, however, that 
the CGS system has certain advantages for 
physicists. There is no thought of re- 
placing one by the other, but simply of 
providing a second system that will be 
particularly helpful to engineers. 

Prior to World War II, meetings of 
Technical Committee Number 24 were 
held on an average of about once every two 
years. Due to the war and later the death 
of the committee’s chairman, Professor 
Kennelly of Harvard University, no meetings 
were held from 1938 until last summer when 
the committee met in Paris, France, on 
July 17 and 18. 

Representatives who attended the meet- 
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Future Meetings of Other Societies 


American Society for Testing Materials. Annual 
Meeting. June 18-22, 1951, Chalfonte-Haddon Hall, 
Atlantic City, N. J. 

Compressed Air and Gas Institute. June 7-8, 1951, 
Seaview Country Club, Absecon, N. J. 


Conference on Industrial Research. Second Annual 
Meeting. June 11-15, 1951, Department of Industrial 
Engineering, Columbia University, New York, N. Y. 


Edison Electric Institute. 19th Annual Convention. 
June 5-7, 1951, Denver, Colo. 


Hydraulic Institute. June 11-13, 1951, Seaview 
Country Club, Absecon, N. J. 


Institute of Aeronautical Sciences, Annual Summer 
Meeting. June 27-28, 1951, Institute of Aeronautical 
Sciences, Western Headquarters Building, 7660 Beverly 
Boulevard, Los Angeles, Calif. 


Institution of Electrical Engineers. Conference on 
Electrical Instrument Design. May 28-31, 1951, The 
Institution Building, London, England. 


The American Society of Mechanical Engineers. 
Semiannual Meeting. June 11-15, 1951, Royal York 
Hotel, Toronto, Ontario, Canada. 


ings from the United States were: Dr. C. C. 
Chambers, Acting General Manager, School 
of Electronics, University of Pennsylvania; 
J. W. McNair, American Standards Associa- 
tion; Professor R. Riidenberg, Electrical 
Engineering, Harvard University; Professor 
H. M. Turner, Department of Electrical 
Engineering, Yale University; Dr. J. J. 
Smith, General Electric Company of 
Schenectady; and the late Professor E. 
Bennett, Consulting Engineer, University of 
Wisconsin. 

Three matters that had been on the 
agenda of the 1938 meeting, held at Torquay, 
England, were carried over and placed on 
the agenda of the Paris meeting. One 
concerned the adoption of a name for the 
unit of force in the MKS System to corre- 
spond with the dyne in the CGS System. 
The Torquay meeting had favored the 
name “Newton” for this unit, subject to 
ratification by the various national com- 
mittees. During the interval between meet- 
ings, the IEC Central Office had canvassed 
the committees and received favorable votes 
from 16 countries. No unfavorable votes 
were received, 

In the light of these replies, the committee, 
at its meeting last summer, recorded that 
‘‘Newton” was formally adopted as the name 
of the unit of force in the MKS System. 

A second matter carried over from the 
Torquay meeting concerned the selection of 
an electrical unit for the MKS System, 
which previously had only units of length, 
mass, and time. After a long discussion at 
the Paris meeting, in the course of which 
the delegates expressed the views of their 
respective countries, an Editing Com- 
mittee was appointed to prepare a draft 
that would be acceptable to all. 

The resolution suggested by this Editing 
Committee, which was unanimously ap- 
proved, stated: 

“Technical Committee Number 24 con- 
siders it convenient to base the Giorgi 
system for electrical quantities on four 
principal units, and recommends that, for 
the purpose of developing the definitions of 
the units, the fourth principal unit should 
preferably be the ampere, as defined by the 
General Conference on Weights and 
Measures.” 
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Rationalization of electrical and magnetic 
units had been on the agenda of the com- 
mittee’s previous meeting at Torquay in 
1938, but consideration of the question was 
deferred at that time. In the interval 
between meetings, proposals were circulated 
regarding the adoption by the IEC of a well- 
defined rationalization process so as to 
avoid the possibility of different rationaliza- 
tion processes being adopted in the various 
countries. Ten countries commented on 
these proposals, nine expressing themselves 
in favor of rationalization and one expressing 
no definite opinion. 

The form of rationalization adopted at 
the Paris meeting results in the adoption 
of the following formulae: 


bp = 40 X 10-7 


for the measurement of the magnetic 
permeability of free space; and 


ie 1 
eae 


for the measurement of the dielectric constant 
of a vacuum, C being the velocity of light in 
free space. 

While a decision. was reached that ra- 
tionalization should be adopted, it was 
decided that the rationalization process 
should be re-examined by the national 
committees after the question has again 
been clearly put to them. An Experts 
Committee was set up to study the rationali- 
zation process with a view to placing the 
matter before national committees in ac- 
cordance with the preceding decision. 

In addition to study of the matter of 
rationalization, the Experts Committee was 
asked by the Technical Committee to con- 
sider two other questions: 1. definition of 
the quantity ‘‘magnetization,” and 2. the 
sign of reactive power. ‘These questions will 
be brought up for discussion at the next 
meeting of Technical Committee Number 24. 

As a result of a meeting July 18, the Experts 
Committee made the following proposal: 


“That the word ‘magnetization? in 
English and the word ‘aimantation’ in French 
should be adopted as the name for the axial 
vector J, which is introduced in the form 
shown below into the expression giving the 
magnetic flux density B as a function of the 
field strength H and of the magnetic per- 
meability uo of free space: 


B=,(H+J) 


the term ‘magnetic polarization’ being re- 
served to the axial vector M in the equation: 


= p)H-+M”? 


In 1935 the sign of reactive power was 
established at the suggestion of the United 
States delegation. Since then a large cross 
section of the power industry in this country 
has not found it possible to follow this 
recommendation because of certain practical 
points of view. There are several reasons 
for this which have to do with the flow of 
active and reactive power. Part of the 
difficulty is due to the fact that at any 
given point we may regard energy as being 
delivered or received. An indication of 
some of the thinking will be found in the 
two AIEE reports: Electrical Engineering 
volume 65, 1946, pages 612-16: and 
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Electrical Engineering, volume 67, 
pages 49-52. 

These considerations may have 
apparent also in other countries. Th 
it was recommended that this item be | 
sidered at a future meeting of Ady 
Committee Number 24 following tk 
Paris in 1950. This will give repre: 
tives on the committee time to 
the views of their countries on this su 


Army Advises Specialists on How 
to Ask for Appropriate Bran 


Persons about to enter military serv 
who have certain communications, — 
tronics, or photographic experience are 
ing offered advice by the United § 
Army Signal Corps on how to ask for th 
some other appropriate branch. 

The Army feels it is mutually desirable: 
the individual to continue, so far as 
his civilian specialty while in service. 
the same time, it was pointed out, comm 
cations specialists are critically needed, 

To facilitate the assignment of technica 
trained inductees where their skills ¢ 
fully utilized, numerous organizations, 
unions, and business firms are being i 
to provide their personnel with “sta' 
of experience” which can be brought 
ception centers by individuals called i 
service. Interviewers will ask for 
statements. The form for the statem 
along with other pertinent details, car 
obtained from the Signal Corps upon requ 

The Army believes that-the individual, | 
civilian connection, and the Service wv 
benefit by optimum use of specialists. fh 
viduals will remain free to waive special 
identification and assignment in favor of cor 
bat arms training and assignment to lead 
ship or Officer Candidate School training. 

The Army cautioned that only ¢ 
types of skills are critically needed, anc 
not every inductee bearing a statement 
perience or other credentials can be 
ably assured of a Signal Corps assig 
The Army currently needs high-speed 
operators, medical equipment rep 
motion picture photographers, cable 
electronics equipment repairmen, 
writer repairmen, tabulating equipm 
pairmen, manual and dial telephone 
office maintenance men, field and fi 
tion radio repairmen, radar mecha 
repairmen, electric instrument and spec 
device repairmen, repeatermen, and si 
side-band radio repairmen. Where civill 
skills do not exactly fit military job title 
Army recommends that the most 
cable be used on statements of experi 

Inductees are advised to show theit 
ments, if requested, at induction sta 
but not to surrender them there. T 
ments of experience should be used ini 
views at reception centers. At no 
should personal papers be surrendere 
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First Convention of UPADI 
Held in Havana April 19-22 
The first convention of the Pan Am 

Union of Engineering Associations (UP 

was held from April 19-22, 1951, in’ 

Cuba. Representatives of many 
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fineering societies of the Western Hemi- 
ere were present. The purpose of 
‘ADI is to achieve a closer understanding 
the engineering societies of the Western 
misphere and its objectives include: 
ndardization of technical criteria; contri- 
tions to the study and solution of common 
yblems; uniform and general standards 
technology and specifications; promulga- 
n of a Code of Professional Ethics; the 
erchange of technical and _ professional 
yice and assistance; and creation of firm 
1esion among all engineers in the Americas. 
Phe Committee on Publications and Public 
ormation made the following recom- 
ndations: the creation of a permanent 
"ADI Secretariat and the publication of 
UPADI Bulletin, to be printed in three 
guages; English, Portuguese, and Spanish. 


3.1. Will Hold 12th 
Session in Stockholm, Sweden 


The 12th Session of the International Com- 
ssion on Illumination (I.C.I.) will be held 
Stockholm, Sweden, from June 26 to July 
1951. At this session 25 technical com- 
ttee reports and 42 papers will be pre- 
ited. Contributing countries will include: 
lited States, Great Britain, the Nether- 
ids, Sweden, and France. 

Copies of the preprints may be obtained at 
cents per copy from Mr. L. E. Barbrow, 
cretary of the United States National Com- 
ttee of the I.C.I., National Bureau of 
andards, Washington 25, D.C. 


exas Eastern Plans New Micro- 
wave Communication System 


Plans for one of the most extensive and 
9dern microwave systems in the United 
ates have been announced by Texas 
stern Transmission Corporation. De- 
ned to expedite the flow of natural gas 
m Louisiana and Texas fields to the highly 
justrial East, the system will employ pulse- 
ae modulation (PTM) multiplex equip- 
snt developed and manufactured by Fed- 
al Telephone and Radio Corporation, 
ifton, N. J., associate of International 
lephone and Telegraph Corporation. 

The route of the system will be from the 
mpany headquarters at Shreveport, La., 
Kosciusko, Miss., then along the route of 
; 30-inch pipe line now under construction 
Connellsville, Pa., and from there to the 
stern terminal at Linden, N. J.—a dis- 
ace of approximately 1,400 miles. This 
tem will provide various communication 
ilities between Shreveport, the pipe-line 
mpressor stations, and divisional offices 
yng this route. 

Texas Eastern’s PTM microwave system 
ll operate at 2,000 megacycles to provide 
rh-quality communication facilities. 
Because of its adaptability to both short- 
d long-hop operation, this system is 
ecially well suited for pipe-line communi- 
ions. Initially, it will be equipped for 
eration on eight voice channels, with pro- 
ion for very-high-frequency mobile radio 
nnection, dispatching, administrative, tele- 
tering, and supervisory services. Should 
ditional facilities be necessary, the system 
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Delegates to the 
first convention of 
the Pan American 
Union of Engi- 
neering Associa- 
tions included rep- 
resentatives of 
engineering _so- 
cieties from nearly 
all the Americas. 
AIEE President 
LeClair is shown 
third from the 
right 


may be readily expanded to provide a 
total of 23 communications channels. 


GE Electric Steering Equipment 
To Be Used on Navy Destroyer 


New steering equipment, providing both 
automatic and manual control, has been 
developed by the General Electric Aero- 
nautic and Ordnance Systems Divisions for 
the United States Navy. 

Designed to provide completely automatic 
steering in addition to portable hand electric 
steering, the new unit will be installed on/a 
vessel currently under construction. 

An important feature of the new control 
is an instantaneous override which permits 
the helmsman to take control away from the 
automatic pilot to initiate evasive action or 
avoid collision. The new ship also has a 
remodeled pilot-house console that features 
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The remote steering unit shown here 
being operated by a Navy officer can be 
used to steer a ship from widely separated 
strategic spots aboard ship in case of 
battle damage to the bridge. The remote 
control unit, along with an automatic 
steering unit, has been developed by 
General Electric especially for the Navy 
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red internal illumination designed to elimi- 
nate glare from the dials. In addition mag- 
netic, rather than electronic, amplifiers 
are used throughout the unit. 

The portable steering equipment is a 
remote control box that enables the vessel 
to be steered from various points about the 
ship. This secondary control station is 
intended primarily for use in case of battle 
damage to the pilot house, whereupon the 
ship would be controlled from selected 
steering stations provided for such an 
emergency. The unit is mobile and is 
supported from shoulder straps or a fixed 
bracket. 


Output of Rebuilt Italian Power 
Plants Twice Prewar Level 


The Larderello natural steam power 
plants in northern Italy, almost totally 
destroyed by the Germans in World War II, 
have been rebuilt and expanded to almost 
twice their prewar kilowatt output. These 
plants generate electricity from torrents of 
natural steam which come from cracks in 
the earth at speeds as high as 1,300 feet per 
second. 

Before the war, the power and chemical 
plants of Larderello produced a yearly 
average of 980,000,000 kilowatt hours of 
electricity and many thousands of tons of 
raw boric acid and other chemical by-prod- 
ucts of the chemically rich steam. Destruc- 
tion of these plants was such that after the 
liberation production of both electric power 
and chemical products was impossible. 

During the four years following the liber- 
ation, about 18 turbogenerators were placed 
in operation with a total output of approx- 
imately 150,000 kw. Today, with a new 
power plant, there are 21 turbogenerator 
sets with a total output of 254,500 kw, nearly 
double the 135,000-kw output of the 16 pre- 
war sets. Erection of Larderello’s newest 
power plant was started in April 1947. Its 
plant and machines are of Italian design and 
manufacture. 


New 4-Foot Rolatape Measuring 
Wheel Announced 
A measuring wheel which is exactly four 
feet in circumference and registers distances 


up to 100,000 feet, then repeats the cycle, 
has been announced by Rolatape, Inc., Santa 
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The new measuring wheel made by Rola- 
tape, Inc., Santa Monica, Calif., is easily 


operated by one man. It measures and 

records as it is wheeled over a course. 

The wheel makes possible safer measure- 
ment in traffic and in congested areas 


Monica, Calif. It measures and records as 
it is wheeled over the course. The wheel 
does not sway in operation, but tends to 
stabilize its course and follow a straight line. 

The model 400 Rolatape has been field- 
tested and is being used in electric light and 
power applications such as pole spacing, 
spotting faults, map checking, rechecking of 
questionable invoices, and general estimating 
work involving utility extensions, conduits, 
piping underground lines, fencing, wire re- 
quirements, and so forth. It measures 
around corners and over contours with equal 
facility and accuracy. 

It weighs only five pounds and is operated 
easily and efficiently by one man. The 
counter is in plain view at all times. The 
handle folds so that the wheel can be carried 
and stored in car or truck compartment. A 
stand holds the wheel upright while the 
operator is logging data, without losing 
count of distance. The wheel also can be 
operated by the driver of a car as he drives 
slowly over the course to be measured. The 
Rolatape is calibrated accurately and is con- 
structed to withstand years of field usage. 


Concentrated Liquid Ozone Now 
Can Be Manufactured Safely 


By successfully taming concentrated liquid 
ozone, scientists have developed a fuel that 
someday may send rockets to the moon. 
Recent advances at Armour Research 
Foundation of Illinois Institute of Tech- 
nology, Chicago, Ill., prove that concen- 
trated liquid ozone, a dark blue substance, 
can be handled safely. 

More than just a rocket fuel, ozone has 
other valuable military and commercial 
applications. It can be decomposed di- 
rectly to oxygen for submarine patrols and 
high-altitude flying and is an ideal agent for 
water purification, air purification, and 
bleaching. 

By demonstrating that ozone may be 
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safely manufactured, scientists at the Foun- 
dation have opened the door for possible 
tonnage production. idee 

During World War II, German scientists 
worked on an ozone-propelled rocket de- 
signed to bombard New York City from 
launching platforms over 4,000 miles away. 
Luckily, the Germans were unable to dis- 
cover the secret of handling liquid ozone 
without spontaneous detonation. Other- 
wise, residents of that area might have had 
front-row seats for a preview of guided mis- 
sile warfare. : 

By replacing oxygen tanks with containers 
of liquid ozone, both planes and submarines 
would gain additional space with no sacrifice 
in oxygen volume. ; 

Used for water purification, ozone is a 
powerful chemical that literally “burns up” 
impurities without leaving an unpleasant 
taste. Large cities, such as Philadelphia, 
Pa., and Paris, France, and smaller com- 
munities, including Whiting and Hobart, 
Ind., have used ozone water purification 
systems for years. 

An excellent deodorizing agent, dilute 
solutions of ozone in ventilating systems will 
overpower the smell of fish oils and rancid 
fats. As a bleaching agent, ozone is superior 
to chlorine, hydrogen peroxide, and other 
liquid bleaches as it leaves no detrimental 
residue which ultimately decreases the 
strength of the bleached material. Already 
in use in Europe as a bleaching agent, ozone 
works on paper pulp, blood, starches, and 
oils. It also has been used for oxidizing oils 


in the manufacture of linoleum. 
Ozone can readily be made by bombard- 
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ing oxygen with high-speed electrons. 
technique duplicates nature’s own m 
and explains why ozone can be smelled in 
air immediately after a summer thunc 
shower. 

Originally, ozone research was sponso 
by the Foundation, but since 1945 all y 
has been under the sponsorship of the 
Reduction Company, Inc., manufactu 
of purified gases such as oxygen, nitrop 
helium, and neon. 
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ASA Receives Certificate of 
Co-operation from ECA 


A Certificate of Co-operation was 
sented to the American Standards Ass 
ation (ASA) today by the Economie ¢ 
operation Administration (ECA) at 
spring meeting of ASA’s Board of Dire 
This award was presented to Tho 
Jolly, President of ASA, by the Honora 
Walter T. Shirley, Commissioner ot 6 
merce of the City of New York, on bek 
William C. Foster, administrator of ECA 

The certificate was given in recognitior 
ASA’s assistance and co-operation in hel 
technical missions from overseas co 
this country to study United States stand 
ization and simplification practices and te 
niques. Through its broad connections 
the national clearing house for stan¢ 
ASA has arranged plant visits and co 
ences for these missions so that they co 
get a first-hand working knowledge of Ams 
can standardization methods. 

ASA has received delegations represent 
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inagement, labor, and government from 
: United Kingdom, Sweden, Greece, and 
> Netherlands, and will soon meet with 
> French. These groups have shown 
rticular interest in American simplification 
shniques and in the use of standards as a 
sans of increasing over-all production. 


agineering Manpower Commission 
Issues First Report 


The Engineering Manpower Commission 
Engineers Joint Council has announced 
at its first report on “Utilizing Engineering 
anpower” is now available. This report 
ings together procedures to be followed in 
questing necessary occupational deferments 
d delays for both reservists and draftees. 
1€ report also includes a brief statement on 
e problems of both government and indus- 
y in selecting and utilizing personnel. 
Because of the extreme critical shortage of 
gineers, coupled with an increasing de- 
and for engineers for defense purposes, it 
believed that the report will be of much 
lue to engineers or their employers. 

Copies of the bulletin may be obtained 
ym Engineering Manpower Commission, 
| West 39 Street, New York 18, N. Y., at 
charge of 25 cents. 


th Annual Meeting Held by 
Engineering Institute of Canada 


The members of the Engineering Institute 
Canada held their 65th annual meeting 
the Mount Royal Hotel, Montreal, 
ntario, Canada, from May 9-11, 1951. 
1e Institute has 33 branches which are 
sated in all provinces and the membership 
over 15,000. 
Some of the technical subjects that were 
scussed included: Canadian Miéilitary 
reraft; Research in Gas Dynamics; 
ectrothermal De-icing of Aircraft; Air 
mitation; St. Lawrence Waterway; and 
hers. 
Ira P. Macnab of Halifax, Nova Scotia, 
ws elected President of the Institute for 
is year. 


ew Nonexplosive Device 
Used to Break Down Coal 


The development of a nonexplosive device 
- breaking down coal has been announced 
‘the Du Pont Company. It is ‘““Cheme- 
ol,” a chemicomechanical device which 
eaks coal from a mine face by the force of 
mpressed gas generated by chemical reac- 
m in the device and released mechanically. 
The new device consists of a steel tube 
closing a chemical unit. The tube is 
sed at one end by a plug having electric 
anections, and at the other end by a rup- 
“able disc held in place by a perforated 
ad. After the tube is placed in a hole 
led in the coal face, the chemical reaction 
vated by an electric current controlled 
narrow limits. Heat is produced 

after a few seconds, destroys the 
wire, thus breaking the electric cir- 
The chemical reaction thereafter 
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continues to liberate gas which builds up to a 
predetermined pressure, at which point the 
disc ruptures. The gases rush out through 
the ports in the head and break down the 
coal. The tube, refilled in the mine with 
another chemical unit and disc, is used 
repeatedly, 

Chemechol produces no flame. It cannot 
be activated by small electric currents, such 
as stray currents, nor by high currents, such 
as mine lighting or haulage circuits. Cheme- 
chol units cannot be detonated by blasting 
caps or high-strength dynamite. 

At the present time this new product is in 
the transition stage from the laboratory to 
extensive field testing. Field tests to date 
have been successful. The product has 
produced a maximum of coarse coal with 
maximum safety and with a high degree of 
over-all efficiency. 


New Process Developed for 
Soldering Glass to Metal 


Engineers now can solder glass to metal in 
a process which makes a bond stronger than 
the glass itself. ‘The method, which also can 
be used to’solder metal to ceramics and car- 
bon, was originated by scientists of the 
General Electric Research Laboratory. It is 
being tested now for industria] applications. 

The glass and metal areas to be soldered 
are painted with a thin layer of titanium 
hydride, and solder is placed upon both 
painted areas. The parts are placed to- 
gether and then heated under a vacuum. 

When the temperature reaches about 900 
degrees Fahrenheit, the titanium hydride 
decomposes. ‘This causes the solder, which 
already has become molten, to adhere to the 
titanium-painted areas of both glass and 
metal. A strong, tight bond is formed upon 
cooling. 

By using soft metal solders, it is possible to 
subject this glass-to-metal seal to rapid tem- 
perature changes without danger of crack- 
ing, despite the wide difference in tempera- 
ture expansions between glass and metal. 
This is possible because the differences in 
movement are absorbed by the solder. 

The new technique is now in use in air- 
craft ignition systems, and laboratory in- 
vestigations have suggested possible applica- 
tions in the manufacture of transformers, 
capacitors, and electric motors. 


University of Denver Offers Re- 
search Fellowships to Engineers 


Research fellowships in electrical engi- 
neering will be awarded by the Institute of 
Industrial Research, University of Denver. 
The stipend is $3,300 for 21 months starting 
September 1, 1951. The recipients will 
work approximately 25 hours per week in the 
Institute of Industrial Research on indus- 
trial research projects leading to the fulfill- 
ment of the thesis requirement, while en- 
gaged in graduate study leading to the mas- 
ter of science degree in electrical engineering. 
Interested applicants should send transcript 
of college record, personal data, and names 
of three persons acquainted with their work 
to the Director, Institute of Industrial Re- 
search, University of Denver, Denver 10, 


Colo. 
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NEW BOOKS eeeee 


The following new books are among those recently 
received at the Engineering Societies Library. Un- 
less otherwise specified, books listed have been pre- 
sented by the publishers. The Institute assumes no 
responsibility for statements made in the following 
summaries, information for which is taken from the 
prefaces of the books in question. 


ALTERNATING-CURRENT CIRCUITS. ByR. M. 
Kerchner and G, F. Corcoran. Third edition. John 
Wiley and Sons, New York, N. Y.; Chapman and 
Hall, Ltd., London, England, 1951. 598 pages, 
illustrations, diagrams, charts, tables, 91/s by 6 inches, 
linen, $5.50. Intended for students majoring in power 
or communication work, this book covers the theory and 
practice of the subject with particular emphasis on 
fundamentals. Changes in this third edition include: 
material on the loss and phase characteristics of 
elementary 4-terminal networks; material pertaining to 
the Q of electric circuits is revised, and the nodal method 
of circuit analysis is used; an additional method of 
wave analysis is introduced; a method of designing 
tuned coupled circuits is included; and the 3-origin 
vector diagram of a polyphase circuit is added. The 
end-of-chapter problems are revised and new problems 
included. 


APPLIED NUCLEAR PHYSICS. By E. C. Pollard 
and W. L. Davidson. Second edition. John Wiley 
and Sons, New York, N. Y.; Chapman and Hall, Ltd., 
London, England, 1951. 352 pages, illustrations, 
diagrams, charts, tables, 91/s by 6 inches, linen, $5.00. 
The book covers practically all phases of nuclear science 
including the basic facts of nuclear particles and radia- 
tions and methods of accelerating them, transmutation, 
natural and artificial radioactivity, isotopy, and nuclear 
fission. In addition to incorporating material covering 
the progress in the field since the first edition in 1942, 
a new chapter on nuclear chain reactions has been added. 
Special sections devoted to pile theory, neutron diffrac- 
tion, cross sections, and cosmic rays are also new. 
Detailed instructions on laboratory experiments are 
now included, and the tables of nuclear data are brought 
up to date. 


CHROMIUM PLATING. By E. S. Richards. Third 
edition revised and enlarged. Charles Griffin and Com- 
pany, Ltd., London, W.C. 2, England, 1950. 154 pages, 
illustrations, diagrams, tables, 8!/; by 51/2 inches, 
fabrikoid, 17s. Intended for use by those acquainted 
with the process of chromium plating, this book deals 
with the practical production of the deposit and the 
best methods of ensuring regular outputs of the highest 
class. Chemical and theoretical considerations are not 
given a great deal of space, since the emphasis is on the 
practical side of plating. 


CRITICAL REQUIREMENTS FOR RESEARCH 
PERSONNEL, March 1949, 66 pages. DEVELOP- 
MENT OF A TEST FOR SELECTING RESEARCH 
PERSONNEL, January 1950, 33 pages. PRO- 
CEDURES FOR EVALUATING RESEARCH 
PERSONNEL WITH A PERFORMANCE RECORD 
OF CRITICAL INCIDENTS, Jun 1950, 42 pages. 
American Institute for Research, Pittsburgh, Pa. 
Diagrams, charts, tables, 11 by 81/2 inches, paper. 
These three reports describe a part of a long-range 
program concerned with research in the effective 
utilization of scientific personnel. The first is devoted 
to a study of observed behaviors of personnel in research 
laboratories and provides a list of critical requirements 
for research personnel. The second is concerned with 
the development of a test for selecting research personnel ; 
and the third, with procedures for evaluating research 
personnel on the basis of a performance record. 


CRYSTALS AND THE POLARIZING MICRO- 
SCOPE. By N. H. Hartshorne and A. Stuart. Second 
edition. Longmans, Green and Company, New York, 
N. Y.; Edward Arnold and Company, London, Eng- 
and, 1950. 473 pages, illustrations, diagrams, charts, 
tables, 83/4 by 51/2 inches, linen, $9.50. This text on 
the structure and identification of crystals has been 
revised to include not only the simpler aspects of the 
polarising microscope but also more difficult problems 
and techniques. New chapters include an expansion 
of the former section on the preparation and mounting 
of materials and a consideration of liquid crystals. 
There is expanded treatment of index variation methods, 
the use of the universal stage, applications of the polaris- 
ing microscope, and the relationships between symmetry 
and internal structure. 


ELECTRICAL ENGINEERING DESIGN MANUAL, 
By S. P. Smith and M. G, Say. Second edition revised. 
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Library Services 


NGINEERING Societies Library 
E books may be borrowed by mail 
by AIEE members for a small han- 
dling charge. The library also pre- 
pares bibliographies, maintains search 


and photostat services, and can provide 
microfilm copies of any item in its 
collection. Address inquiries to Ralph 
H, Phelps, Director, Engineering So- 
cieties Library, 29 West 39th St., 
New York 18, N. Y. 


Chapman and Hall, 37 Essex Street, London, W. C. 2, 
England, 1950. 259 pages, diagrams, charts, tables, 
T'/2 by 5 inches, linen, 16s. This book provides an 
introduction to the physical principles underlying 
electrical engineering design and contains calculations 
and graphical techniques appropriate to the drawing 
board. Part I covers electric machines, magnetic 
circuits, magnet coils, armature windings, synchronous 
machines, transformers, d-c machines, induction motors 
and starters, and field regulators. Part II is devoted to 
speed-time curves and energy consumption, field plotting, 
harmonic analysis, and transmission-line diagrams. 


ELECTRONIC FUNDAMENTALS AND APPLICA- 
TIONS. By J. D. Ryder. Prentice-Hall, New York, 
N. Y., 1950. 806 pages, illustrations, diagrams, charts, 
tables, 88/4 by 5%/s inches, cloth, $9.00 (text edition, 
$6.75). This book covers the physical principles 
underlying electron tubes, the characteristics of the 
tubes themselves, and the electric circuits in which they 
are used. It is based on the material included in the 
author’s “Electronic Engineering Principles” with major 
additions of electronic circuit material. New material 
on circuit applications includes nonlinear operation, 
amplitude, and frequency modulation and detection. 
The generation of nonsinusoidal waves is now treated, 
and the material on amplifiers expanded. A knowledge 
of simple a-c circuit analysis and the calculus and 
simple differential equations is assumed. - 


ELECTRONICS, By P. Parker. Longmans, Green and 
Company, New York, N. Y.; Edward Arnold and Com- 
pany, London, England, 1950. 1,050 pages, illustra- 
tions, diagrams, charts, tables, 9 by 51/2 inches, cloth, 
$10.00. Intended to provide a background for the 
circuit specialist and a starting point for the tube 
specialist, this comprehensive work covers a wide range 
of electronic devices. Attention is paid mainly to the 
physical action of the respective types, but basic circuit 
work is also covered. Brief discussions are appended on 
the kinetic theory. of gases, the focal lengths of thin 
electron lenses, the theory of the magnetron, and other 
special theories and attributes. 


ENGINEERING MECHANICS. By S. Timoshenko 
and D. H. Young. Third edition. McGraw-Hill 
Book Company, New York, N. Y.; Toronto, Ontario, 
Canada; London, England, 1951. 517 pages, dia- 
grams, charts, tables, 9!/; by 6 inches, cloth, $5.50. 
This text on mechanics aims to acquaint the student with 
as many general methods of attack as possible, and to 
illustrate the application of these methods to practical 
engineering problems. In this third edition, the chief 
aim has been an improvement in the lists of unsolved 
problems. These problems serve the twofold purpose of 
presenting new material not included in the text proper 
and of providing an example for the student in the logical 
methods of approach to the solution of engineering 
problems, 


ENGINEERING PROFESSION. By T. J. Hoover 
and J. C. L. Fish. Second edition. Stanford Uni- 
versity Press, Stanford, Calif.; Geoffrey Cumberlege, 
Oxford University Press, London, England, 1950. 486 
pages, diagrams, charts, tables, maps, 91/4 by 61/5 
inches, fabrikoid, $7.50. ENGINEERING METHOD, 
By J. C. L. Fish. Stanford University Press, Stanford, 
Calif., 1950. 186 pages, diagrams, charts, tables, 
91/4 by 6 inches, linen, $3.00, Serving both as a 
vocational guide and an analysis of the profession, this 
book describes the qualifications and duties of the pro- 
fessional engineer and his habit of mind. Following the 
discussion of who is an engineer, what is engineering, and 
the general scope of engineering, the next five chapters 
discuss specific types of engineering. The method of 
engineering is considered next, and then three chapters 
deal with vocational guidance, education, and the 
contribution of engineers to mankind. Chapters 9, 
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10, and 11 have been organized in a separate volume 
entitled “The Engineering Method.” 


FUELS AND COMBUSTION HANDBOOK. Edited 
by A. J. Johnson and G. H. Auth. McGraw-Hill 
Book Company, New York, N. Y.; Toronto, Ontario, 
Canada; London, England, 1951. 915 pages, dia- 
grams, charts, maps, tables, 91/s; by 6 inches, cloth, 
$12.50. ‘This comprehensive reference work is devoted 
to the properties, uses, and combustion of solid, liquid, 
and gaseous fuels. The basic types of combustion of 
these fuels and the operation and use of combustion 
equipment are dealt with. Comparative tables showing 
the characteristics of optional equipment are given. 
The use of alignment charts, tables, and graphs provides 
quick solutions to problems in the selection and use of 
fuels. A wide range of topics is covered including 
synthetic fuels, smoke prevention, fuel handling and 
storing, chimney design, the heat pump, and miscel- 
laneous sources of heat and power. 


GRUNDLAGEN DER HOCHSTFREQUENZTECH- 
NIK (Technische Physik in Einzeldarstellungen, Num- 
ber 7). By F. W. Gundlach, edited by W. Meissner. 
Springer-Verlag, Berlin, Géttingen, Heidelberg, Ger- 
many, 1950. 499 pages, diagrams, charts, tables, 91/2 by 
61/2 inches, paper, 48 D.M. This book discusses and 
derives from basic physical principles the theoretical 
fundamentals of high-frequency technology. Such top- 
ics as electron flow, skin effect and dielectric loss, ele- 
mentary waves and double conductors, waves and tu- 
bular conductors, spherical waves, and the 4-pole theory 
are treated. A basic knowledge of college mathematics 
is assumed. Advanced mathematics are introduced 
where needed, and the lesser known functions are repre- 
sented graphically. 


INTRODUCTION TO INDUSTRIAL ELECTRON- 
ICS (Prentice-Hall Electrical Engineering Series). 
By R. R. Benedict. Prentice-Hall, Inc., New York, 
N. Y., 1951. 436 pages, illustrations, diagrams, charts, 
tables, 8!/2 by 53/1 inches, cloth, $6.35. Providing an 
introductory survey of the field, this book covers the sub- 
ject from descriptions of the basic tubes and their be- 
havior through a treatment of elementary circuits and 
typical applications. Emphasis is placed on gaseous 
tubes, phototubes, and cathode-ray oscilloscopes. Only 
brief treatment is given to amplifiers, oscillators, de- 
tectors, and modulators. A knowledge of elementary 
calculus, d-c circuits and apparatus, and a-c circuits is 
assumed. Problems and references follow each chapter. 


INTRODUCTION TO SERVOMECHANISMS. By 
A. Porter, John Wiley and Sons, New York, N. Y.; 
Methuen and Company, Ltd., London, England, 1950. 
154 pages, diagrams, charts, tables, 63/4 by 41/4 inches, 
linen, $1.75, Intended for the physicist and engineer 
who are interested in the subject, this book defines the 
term ‘servomechanism’ and indicates in terms of ele- 
mentary examples the theoretical foundations of the sub- 
ject. Particular emphasis is placed on the basic prob- 
lems of servo design, namely, those of ensuring adequate 
damping and small dynamic lags. Illustrative diagrams 
are used extensively as a graphic supplement to the 
mathematical analysis. 


(Der) KREISEL, SEINE THEORIE UND SEINE 
ANWENDUNGEN. Bd. 2, Die Anwendungen des 
Kreisels, By R. Grammel. Second revised edition. 
Springer-Verlag, Berlin, Géttingen, Heidelberg, Ger- 
many, 1950. 268 pages, diagrams, charts, tables, 91/2 by 
61/2 inches, paper, 30 DM; linen, 33 DM. Volume IT 
of a 2-volume set, this book, in three parts, considers the 
applications of the gyroscope. The first part describes 
gyroscopic effects in wheel sets of all kinds (including 
motor vehicles, ships, and airplanes). The second part 
is devoted to gyroscopic equipment used for navigation 
and control. The third part treats applications involv- 
ing stabilizing problems. Many schematic sketches and 
cross sections of various types of gyroscopes are included. 


SEMI-CONDUCTORS. By D. A. Wright. John 
Wiley and Sons, New York, N. Y.; Methuen and Com- 
pany, London, England, 1950. 130 pages, diagrams, 
charts, tables, 68/; by 4 inches, linen, $1.75. This ele- 
mentary account of the properties of semiconductors 
places special emphasis on the theory of electron flow 


within them and across the boundary between them and 
either a metal or a vacuum. 


TELEVISON AND FM ANTENNA GUIDE. By 
E. M. Nolland M. Mandl. Macmillan Company, New 
York, N. Y., 1951. 311 pages, illustrations, diagrams 
charts, maps, tables, 91/2 by 61/; inches, linen, $5.50. 
This book is both an antenna textbook and a practical 
guide to the many antenna problems encountered by 
television technicians. In addition to a thorough dis- 
cussion on antenna installation and techniques, the 
reasons and logic underlying specific steps are detailed. 
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PAMPHLETS eee 


The following recently issued pamphlets may 
interest to readers of “Electrical Engineering.” 
inquiries should be addressed to the issuers. 


Tinplate Handbook. The steelmaking al 
tinning processes used in the manufa 
of both hot-dipped and electrolytic tin 
are summarized and the factors which ¢ 
mine the suitability of the various types 
tinplate for any particular application a 
discussed. The major uses of the princip 
grades of tinplate are indicated and m 

of testing mechanical properties, coa 
thicknesses, and lacquer adhesion 
briefly described. The trade terms used } 
the British and American tinplate industri 
are defined and methods of grading a1 
classifying the finished tinplates are reviewe 
This publication is available free of char, 
from: Tin Research Institute, Inc., 4 
West Sixth Avenue, Columbus 1, Ohio. 


American Standard for Electrical Indi 
ing Instruments. Users of portab 
laboratory. indicating instruments no 
check them more easily for perform 
be expected, and can determine fre 
listed characteristics and limits the ace 
class for any particular requiremen’ 
tailed charts, tabulated for easy rei 
cover 33 types of panel, switchboare 
portable equipment. This new 
the standard covers a-c and d-c instrum 
ammeters, voltmeters, single-phase and 
phase wattmeters, power factor r 
varmeters, and frequency meters. 
standard was. developed by a comm 
representing manufacturers, public util 
testing laboratories, and governm 
partments under the procedures o 
American Standards Association. Co; 
Standard C39.1-1951 may be obtainec 
the American Standards Asso: E 
East 45 Street, New York, N. Y., a 


per copy. 
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Standard on Class A Ovens and 
Fire and explosion safeguards for 
ovens are presented by the Nati 
Protection Association. These 
apply to ovens where explosive v: 
be produced from painted mater 
dried or baked, impregnated mate 
also where there is an explosion h 
the fuel used. The standards 
importance of adequate ventil: 
vent the development of explosi 
pheres and specify control eq 
assure proper ventilation. All 
heating equipment are covered, 
oil, fuel gases of various types, 
tricity. This 72-page pamphlet is a 
for 75 cents from the National Fir 
tion, 60 Batterymarch Street, Bosto 
Mass. 


Oxy-Acetylene Flames and Metalworkiz 
This 16-page booklet traces the history oft 
oxy-acetylene flame and explains ho 
dustry is using it today in cutting, we 
and heating operations. A copy oI 
booklet may be obtained without « 
from the Linde Air Products Compat 
East 42 Street, New York 17, N. Y. 
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Dy itself is @ safety measure 


*an original development of American Steel & Wire Company 


AMERICAN 
ELECTRICAL WIRE 
AND CABLE 


@ There’s an easy way to prove the effectiveness of PS 
Shielding. Just drive a spike through the PS conducting 
rubber tape into the copper conductor without touching the 
ground wires. Your breakers will trip every time, proving 
that PS Shielding alone is an outstanding safety measure 
for the protection of all who handle your cable. 


Naturally, the PS grounded tapes can’t carry heavy cur- 
rents, so they’re usually used in combination with ground 
wires. But PS Shielding will easily handle the circumfer- 
ential current of the cable. In other words, it will do every- 
thing that metallic shielding will do with these added 
advantages: 


Prevents Corona Discharge —PS Shielding is so flexible that it never 
pulls away from the insulation. This is in sharp contrast 
to metallic shielding which often separates from the insul- 
ation when the cable is bent. Each of the resulting gaps is 
a serious danger point since it may cause spark discharge 
plus the inevitable corona and ozone formation. 


Easy to Splice —PS Shielding is available in rolls. For most splices 
you can apply your shielding to the splice just like ordinary 
insulating tape. 


Reduces Bulk —PS Shielding has less bulk and weight than metallic 
shielding. Consequently, the cables are lighter, smaller, and 
in general—easier to handle. 


Increases Cable Life —PS Shielding is so smooth and pliable that it 
won’t chafe the insulation or jacket. There are no fine wires 
to break when the cable undergoes hard usage. 


For the full story on PS Shielded Cables, get in touch with 
your nearest American Steel & Wire Company office. 


AMERICAN STEEL & WIRE COMPANY, GENERAL OFFICES: CLEVELAND, OHIO 
COLUMBIA STEEL COMPANY, SAN FRANCISCO, PACIFIC COAST DISTRIBUTORS 
TENNESSEE COAL, IRON & RAILROAD COMPANY, BIRMINGHAM, SOUTHERN DISTRIBUTORS 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


American Electrical Wire & Cable 
ee a 


June 1951 Please mention ELECTRICAL ENGINEERING when writing to advertisers 17A 


a 


SELENIUM RECTIFIERS || WD USTRIAL 


Here at International Rectifier Corpora- 
tion, we take our engineering seriously. 
As a result, one out of every 5 of our 
employees is a carefully trained, graduate 
engineer. That means intelligent control 
of quality from design to finished product. 
That also means, when you specify Inter- 


national R. C. Rectifiers, you get peak 
performance and long life. 


You can put this engineering organization 
to work for you without adding one cent 
to your payroll. International R. C. engi- 
neers will cooperate with your staff in 
developing the correct Rectifier for your 
job and in producing them in the quantity 
you need. 


TYPE W-HS-SERIES 
75 Milliamperes DC 


In 11,” Phenolic Tube with 
stud mounting at each end. 
Circuit-Half-Wave. Overall 
length varies to 14”, de- 
pending on DC Output 
Voltage rating. For many 
applications for heavier 
duty and inverse peak 
suppressor circuits. 


Type W248HS 

4960 Volts DC Output 
75 ma, Overall 
length, 13”. 


DESIGNED 

OVER 500 S TO MEET 
TYPES DIFFICULT 
HUMIDITY, 

FOR EVERY ALTITUDE, 
SPECIAL VIBRATION 
NEED AND SHOCK 


SPECIFICATIONS. 
PARTIAL LISTING 


W-HS SERIES 
“DC Output Rectifier 
Voltage ~~ Part No. 
20 WIHS 
60 W3HS 
100 W5HS 
400 W20HS 
800 W40HS 
1500 W75HS 
2500 W125HS 
3500 W175HS 
4500 W225HS 
6000 W300HS 


When you put your rectifier problems up 
to International Rectifier Corporation, you 
not only get peak performance, you get 
dependability and long life. Write for fur- 
ther data and literature. 


INTERNATIONAL 


RECTIFIER CORPORATION 
6809 S. VICTORIA AVE # LOS ANGELES 43 
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Cannon Electric Changes Name; Opens 
New Plant. The Cannon Electric De- 
velopment Company, Division of the 
Cannon Manufacturing Corporation, has 
changed its name to the Cannon Electric 
Company. The company has recently 
opened a new plant at 191 Kimberly 
Street, East Haven, Conn. E. OC. 
Quackenbush has been made head of the 
Engineering Department of this new 
eastern division. Cannon has also ap- 
pointed a new advertising agency, Hixson 
and Jorgensen, Inc., Los Angeles, Calif., 
to succeed the Dana Jones Company. 


Kerite Names Two Directors. Arthur 
H. Smith and Franklin S. Harris were 
named to the Board of Directors of The 
Kerite Company. Both men are Vice- 
Presidents of the firm. 


Minnesota Mining and Manufacturing 
Plans $6,500,000 Expansion. The Minne- 
sota Mining and Manufacturing Company 
has begun work on its $6,500,000 plant 
expansion program. Most of the projects, 
located in Atlanta, Ga., Bristol, Pa., 
Buffalo, N. Y., Cleveland, Ohio, Lemont, 
Ill., Wayne, Mich., Boston, Mass., and 


Hastings, Hutchinson, and St. Paul, 
Minn., are already under way. 
Cornell-Dubilier Appointment. Emil J. 


Maginot has been made manager of 
advertising for the Cornell-Dubilier Electric 
Corporation. 


Honeywell to Work with Westinghouse. 
The Minneapolis-Honeywell Regulator 
Company has completed arrangements to 
perform consulting services to the Atomic 
Power Division of ‘the Westinghouse 
Electric Corporation. Under the agree- 
ment, Honeywell engineers will act as 
consultants in valve problems arising in 
the Westinghouse program. 


All America Cables and Radio Names 
Vice-President. L. N. Anderson has 
been elected a Vice-President of All 
America Cables and Radio, Inc., and 
Mackay Radio and Telegraph Company, 
subsidiaries of the American Cable and 
Radio Corporation. Mr. Anderson is also 
a Vice-President of The Commercial Cable 
Company, another American Cable and 
Radio subsidiary. 


Kollsman Appoints Vice-President, 
Treasurer, and Secretary. Alan G. 
Binnie has been made Vice-President, 
Lowell H. Freye, Treasurer, and Arthur 
Richenthal, Secretary of the Kollsman 
Instrument Corporation, now a wholly 
owned subsidiary of Standard Coil Products 
Co., Inc. 


Sylvania Reorganizes Midwest Lighting 
Division. The lighting sales central divi- 
sion of Sylvania Electric Products, Ine, 
has been reorganized into three separate 
divisions to be known as the Chicago 
division, with headquarters in that city; 
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the St. Louis Division, with headquarters 
in St. Louis; and the Milwaukee division, 
with temporary headquarters in Chicago, 
The change has been made to facilitate 
coverage of the entire central area. The 
Lighting Sales Department of Sylvania 
has also organized a new division off 
and warehouse operation in Dallas, Te 
T. J. Ewbank has been made manager. 


“J 


Du Mont Appointment. James L. Emaus 
has been named sales application engineer, 
Sales Department, electronic parts division, - 
Allen B. Du Mont Laboratories, Inc. ; 


A. H. Taylor, W. C. Noll Retire; Oth 
A. Hadley Taylor, ph 
on the Engineering Department staff 
the General Electric Company’s 1a 
division at Nela Park, has retired after 
years’ service. Mr. Taylor speciali 
in the field of lighting research, Willi 
C. Noll, manager of the technical 
education section, product service di 
also has retired, after nearly 45 «c 
tinuous years of service with the compa: 

General Electric has also announced 
following new appointments: William F. 
Oswalt and Frank T. Gamec, assis 
manager of manufacturing and product 
manager, respectively, control divisio: 
William B. Gillen, manager, East Clevela 
Lamp Works; W. E. Blowney, divisions 
engineer, steam turbine, generator, and 
gear engineering divisions; L. B. Wales, 
division engineer, auxiliary turbine engi- 
neering division; -—Elmer F. Paul, manager 
of manufacturing, specialty transformer — 
and ballast divisions; Donald Poland, 
manager, Danville, Ill. plant; and C. W. 
Michaels, supervisor of market research, — 
commercial equipment division. } 


> | 


Allis-Chalmers Opens New Peoria Offi 
Appointments. Stanley E. Bovim 
been made manager, and F. D. McG 
Jr., sales representative, of a new brane! 
office of the Allis~-Chalmers Manufacturin 
Company’s general machinery division 
Peoria, Ill. The company has also nan 
Charles W. Bloedorn as southeast regiona 
representative, Steam Turbine Depart- 
ment, Atlanta, Ga. Newly named 
Chalmers general machinery division 
representatives are: Arthur E. Schn 
Duluth, Minn.; Robert R. Maxwe 
Davenport, Iowa; R. F. Kinney, Kai 

City, Mo.; John T. Petersen, Clevelan 
Ohio; William H. Davis, Cincinnati, 
Ohio;- William R. Carlyon and Clare K. 
Tubbs, Detroit, Mich.; Jack H. Doty, 
Jackson, Mich.; Charles Watson, Boston, 
Mass.; Donald A. Wooley, New York, 
N. Y.; John E. Watson, Birmingham, 
Ala.; James P. Boger, Charlotte, S. C.; 
Stephen Hogg, Jr., Atlanta, Ga.; Wilson 
O. Vaughn, Richmond, Va.; and Loren 
D. Barre, Portland, Oreg. 


Emerson Electric Elections. The Emer- 
son Electric Manufacturing Company has 


(Continued on page 26A) 
June 1951 


at this Eastern Plant 


Modern G-E Metal-clad Switchgear now installed at individual compartments, Circuit breakers may be easily 
the Traylor Company provides greater safety because removed for inspection, with protection for personnel. 
all parts are completely enclosed. For greater protection Power is distributed from this unit at 2400 volts, replac- 
against short circuits, separate circuits are isolated in ing the old 240-volt distribution system. 


Load-center Unit Substation eliminates long low- the substation is located close to the machines it serves, 
voltage feeders—saves copper. 2400-volt power is low-voltage feeders are short, saving copper and giving 


better voltage control. Discarded cable previously used 


received at this load-center unit substation and stepped ntrol. Disc 
for low-voltage distribution is shown at left. 


down to utilization voltage on the factory floor. Because 


GENERAL ELECTRIC 


854-35 
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75GC's The answer is “When they perform 


Be cecic a dependably under the conditions of shock and 
vibration for which they are recommended.” 


5G’'s That means you can safely use these little 
g245 Gc rs multipole d-c relays on a wide variety of port- 
SHOCK able, mobile, aircraft, ship and commercial ap- 

sd plications where shock does not exceed the 
5 G’s exceptionally broad limits indicated at the left. 
VIBRATION Write for Struthers-Dunn Data Bulletin 2610. 


STRUTHERS-DUNN 


STRUTHERS-DUNN, INC., 150 N. 13th ST., PHILADELPHIA 7, PA. 


BALTIMORE @ BOSTON @ BUFFALO © CHARLOTTE © CHICAGO e CINCINNATI 
CLEVELAND @ DALLAS © DETROIT © KANSAS CITY © LOS ANGELES 
MINNEAPOLIS @ MONTREAL © NEW ORLEANS @ NEW YORK e© PITTSBURGH 
ST. LOUIS @ SAN FRANCISCO © SEATTLE © SYRACUSE © TORONTO 
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announced the following company el 
tions: Henry C. Miller, Vice-President an 
general works manager; Raymond E. 
Otto, Vice-President and general sales 
manager; Ralph E. Petering, Vice-Presi 
dent and Assistant Treasurer; and Byron 
W. Jackson, comptroller and assistant 
secretary. 


3 


Lenkurt Names Engineering Repre- 
sentative. The Lenkurt Electric Com- 
pany has appointed Edward G. Hall as 
engineering representative, Sales and Engi- 
neering Service Department. 


Westinghouse Appointments. Mark w. 
Cresap, Jr., has joined Westinghouse 
Electric Corporation as a Vice-President 
and assistant to President Gwilmy A. 
Price; Harry A. Hillman has been named 
director of employment costs; Henry R. 
Michel has been made assistant to Andrew 
H. Phelps, Vice-President in charge of 
purchases and traffic; Harry L. Niederauer 
has been appointed manager of advertising 
and sales promotion; and Charles H. 
Atkin has been made supervisor of indus- 
trial relations. 


NEW PRODUCTS es 


3 
Function Plotter. The automatic com- 
piling of two measurements and plotting 
of a curve to show their interrelationshy 
namely, Y = f(X), is made possible by a 
new electronic instrument, the Brown 
ElectroniK Function Plotter. Develop 
by the Brown Instruments Division of the 
Minneapolis-Honeywell Regulator Ci 
pany, Wayne and Windrim Avenu 
Philadelphia 44, Pa., the instrument incor 
porates two measuring systems, one Of 
which actuates the recorder pen while 7 
other motivates the instrument chart 
With this arrangement the chart is driver 
up and down in response to the change n 


ment of the pen in response to changes i in; a 
second variable. The result is a curve 


transmitting tube—the GL-6079. A 4% 
electrode power tube, the GL-6019 wé 


include safe operation at 200-degree cent 
grade operating temperatures (due 4 

metal and ceramic construction and the 
use of high melting-point solders) ; reduce 
seal electrolysis; minimum electrical loss 
contacts (due to gold over silver plating 0 
external metal parts); outside water com 
nections; reduced grid emission (becausi 
of platinum-clad molybdenum grid com 
struction); and a grounded-grid tetrodi 
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ENGINEERING 
as a 


CAREER 


A MESSAGE TO YOUNG 
MEN, TEACHERS AND 
PARENTS 


This pamphlet has been prepared 
as an educational guide, in order 
to give something of an introduc- 
tory insight into the profession of 
engineering. It is dedicated to the 
coming generation of engineers 
and to the constructive contribu- 
tions which they will make to the 
life and culture of mankind. Con- 
tents of the booklet have been 
divided into three main parts: The 
Scope of Engineering; Principal 
Branches of Engineering; and Ref- 
erences to Vocational Guidance 
Literature. 


_ PRICE $0.15 
($10.00 per 100) 


ORDER NOW 
USING THE COUPON BELOW 


Engineers’ Council for 
Professional Development 
29 West 39th Street 
New York 18, N. Y. 


Please forward a copy of “Engineering as 
a Career.” Payment is enclosed. 


ee 


eee ee eer ewe reer aseeereees 8888 


See eooeresseeeeoesesensesereseres 
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ENGINEERS 
PHYSICISTS 


/ BASE YOUR / 
HULTURE 


@ Direction Finders 
Electronic Goniometer 


@ Signal Generators Pry 

Crystal Contro 

oye ome FACTS 
@ Spectrum Generator +f x ey 


Marker Pulses 
5 to 50mc. 


CONTROLS 
@ Servoscope 


@ Servoboard 


1946 1948 1950 


CREATED THESE 
PRIORITY PRODUCTS 


@ System Synthesis 


@ Reluctance 


Amplifiers 
@ 60 Servo FOR~ 
hee INDUSTRY 
® Bee event a IN 
Assemblies PEACE or WAR 


AND THESE NEW 


STAFF POSITIONS 


F icist 
Applied Physict 
: cP mi-conductors 


RADIATION 


Servotherm 
Bolometers 


ctronic Seniors 
3 rit F. Systems 
1—Infrared Systems 
1—Servo Systems 
ineer 
“l Instruments 


lometer 
ore ‘Preamplifiers 


hermistor q 
=) Power Supply } 


| @ Design En 
@ Servotherm Mechanica 


Pyrometers 


| @ Jr. Engineers 
ME, Physics, 


SEE 

INDUSTRY in the 
MAKING 

A SMALL COMPANY 


witHa BIG 
_FUTURE! 


Electronic 


Write today for 
complete information 


SERVO 


CORPORATION 
OF AMERICA 


NGE OW sH-¥oD &. GP ACR K .,. -'N fle 


Please mention ELECTRICAL ENGINEERING when writing to advertisers 385A 


Standard 
RADIO INTERFERENCE 
and FIELD INTENSITY 


Measuring Equipment 
Complete Frequency Coverage - 14kc to 1000 me / 


yl! 


14ke to 250ke 


Commercial Equivalent of 
AN/URM-6. 
Very low frequencies. 


HF ! 
150ke to 25me 


Commercial Equivalent of AN/PRM-1. 

\ Self- contained batteries. A.C. supply 
‘optional. Includes standard broadcast 
and, radio range, WWV, and commun- 
Jtions frequencies, 


yr! 
v 


15me to 400mc 


Commercial Equivalent of 
TS-587/U. 
Frequency range includes 


FM and TV Bands. 
VHF ! 
375me to 1000mc Bi) 


Commercial Equivalent of 
AN/URM-17. 


Frequency range includes Citizens 
Band and UHF color TV Band. 


These instruments comply with test equi 
such radio interference specifications as 
16E4(SHIPS), AN-I-24a, AN-I-42, AN-I-27a 


- 50A 


STODDART AIRCRAFT 


RADIO CO. 


6644-8 SANTA MONICA BLVD., HOLLYWOOD 38, CALIFORNIA 
Hillside 9294 
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circuit. Additional details may be 
tained from the Tube Division, Gener 
Electric Company, 570 Lexington vena 
New York 22, N. Y. 


Calculating Machine. Facit, Inc., newly 
established American pibaiaen e Aktie- 
bolaget Atvidabergs Industrier of Stock 
holm, Sweden, has introduced a new caleu- 
lating machine. Controlled by a 2-bank 
keyboard with only ten digits, the Facit ma- 
chines revolve forward for the figures one to 
five and backwards for the figures six to 
nine. Four models are available: the 
Facit 7K, a small hand-operated calcula- 
tor, handles the four basic mathematical 
processes; the Facit Lx, also manual, has 
a larger capacity than the TK; the Facit 
NEA, an electric calculator with automatic 
division and semiautomatic multiplica- 
tion; and the Facit ESA-O, fully automa- 
tic for calculations where higher speed is 
essential. Further details are available 
from Facit, Inc., 500 Fifth Avenue, New 
York 18, N. Y. 5 


Explosion-Proof Starters. The Arrow- 
Hart and Hegeman Electric Company has 
announced a new line of explosion-proof 
weatherproof magnetic starters. Smaller 
and lighter in weight than other units, the 
starter features Feraloy cast housing in com- 
bination with a right-angle design mech- 
anism. Terminals and contacts are acces- 
sible from the front; line and load may be 
completely separated; circuits immediately 
identified. For more complete informa- 
tion, write Industrial Control Division, 
The Arrow-Hart and Hegeman Electric 
Company, 103 Hawthorn Street, Hartford 
6, Conn. 


“New Look” Television Transmitter. 
A new line of amplitude-modulated 5-kw 
transmitters which can be stepped up to 10- 
kw output with slight modifications has been 
announced by the RCA Victor Division of 
the Radio Corporation of America. This 
transmitter, RCA type BTA-5G, has fewer 
tubes and fewer tube types than previous” 
models, and is housed entirely (except for 
the high-voltage plate transformer) in four | 
lightweight cabinets installed side-by-side 
on two 4-inch wire troughs which run the 
full length of the transmitter. Sliding 


doors which do not extend beyond the 


tam 


transmitter cabinets contribute to a big 


saving in floor space. There are two 


reduces arc-over ae due to dust 
collection. All Radiosroapency. stages are 


modulation by modulating the radio-el 
quency driver as well as the power amplifier, 
Any further information on the BTA-5@ 
transmitter may be obtained from the 


Statistical Analyzer for Potentiometers: 
To obtain figures for mathematical analysis 
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Your Voltage 


G70 WASTING MANHOURS on slow producing ma- | LCS Load Center Unit Substations are neat, compact, 


chines, Get the most from the production equip- _ easy to install, and provide protection to personnel. 
ment in your plant by installing unit substations to 


correct undervoltage. No electrical equipment gives 
top performance wnless it operates at rated voltage 
. .. and even well designed distribution systems may 
prove inadequate because of today’s added loads and 
increased production schedules. 


You can count on the cooperation of experienced 
Allis-Chalmers substation engineers in working out 
your distribution system. Get in touch with your 
A-C representative, or write Allis-Chalmers, Mil- 
waukee 1, Wisconsin. Ask for bulletins 11B6285A, 
11B6325B and 11B6895. A-3371 

For example, if your squirrel-cage motors operate 
at 10% undervoltage, maximum torque available to 
start machinery is reduced 19% ... heating effect 
within the motors is inceased 21% .. . overload 
capacity falls, efficiency drops. 


Increase your output by eliminating production 
slow-downs resulting from overloaded motors .. . 
machine down-time due to tripped starters or circuit 
breakers. Install Allis-Chalmers LCS Unit Substa- 
tions at load centers and eliminate excessive line drop 
by shortening low voltage cables. Allis-Chalmers 


This 750 kva three phase dry type LCS 
Load Center Unit Substation has 2400 
volt primary, 240 volt secondary. 


ALLIS-CHALMERS <ic 
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aned-our Motors 


Waste Manpower! 


Men without motors are just 
aboutas helpless ina modern 
factory as a wagon without 
wheels on a superhighway. 

In many plants the failure 
of a single motor used to 
drive an overhead crane or 
a conveyor system can cost 
thousands of dollars an hour 
in lost production and wasted 
man-hours of labor. 

The answer is Class H in- 
sulation made with Dow 
Corning Silicones. In a steel 
mill, for example, a cupola 
crane hoist motor insulated 
with the best Class B mate- 
rials had an average life of 


only 50 days. Rewind costs 
alone amounted to $3,634 
in three years. That motor, 
rewound with Class H Insu- 
lation at an extra cost of only 
$79 was still in good con- 
dition after 613 days on the 
hoist and 908 days on the 
trolley bridge. 

And Class H is readily 
available. Most of the best 
rewind shops now feature 
this longer lasting, more reli- 
able class of insulation. Lead- 
ing motor manufacturers are 
quoting price and delivery 
on new Class H machines. 


Dow Comming Svicones Mean Business ( 


MAIL THIS COUPON TODAY! 


DOW CORNING CORPORATION, MIDLAND, MICHIGAN 


_ Please send me [] More Evidence [] List of Class H 
Rewind Shops [_] List of Motor Manufacturers Offering 


Name 


DOW CORNING 


ia, ) SILICONES 


Company 


Street 


| 
| 
I 
New Class H machines. 
! 
! 
I 
! 


City Zone 


BRANCH OFFICES: ATLANTA e 
NEW YORK e 


CHICAGO 
WASHINGTON, D. C. 


CLEVELAND © DALLAS e LOS ANGELES 


© In CANADA: Fiberglas Canada Ltd., Toronto 


In GREAT BRITAIN: Midland Silicones Ltd., London. 
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eters used in analogue computers, Ay 
Instrument. Corporation has developed a1 
instrument to provide information in thre 
minutes that might require hours of ordi 
nary test procedure. It determines statis 
tical distribution of error rather than pea 
error alone. By knowing the error 
bution, it is often possible to broaden to 
ances to aid in procurement and produ 
tion. -The instrument consists of a ca 
brated reference potentiometer, having < 
peak error of less than two per cent ful 
scale. It is driven on a common shaf 
with the potentiometer on test. Voltage i 
applied to both potentiometers. The volt 
age difference received from the standarc 
and test potentiometer provides an error 
signal which is fed through a d-c servo: 
mechanism. This positions a brush on < 

commutator. Angular displacement o 
the brush gives information on the magni 
tude and duration of each error. Com: 
mutator segments are connected to eigh 
electrically operated counters which regis 
ter 1,000 measurements made during on« 
complete rotation of the potentiometers 
Four counters show the positive and fou 
the negative errors. Data, taken from the 
counters, may be plotted on a curve show: 
ing error value versus error frequency 
Power requirements are 115 volts 60 cycle: 
per second, and 6.3 volts 400 cycles pe: 
second. Further information may be ob 
tained from Avion Instrument Corporation 
121 East 24th Street, New York 10, N. Y 


Tube Tester. A new Triplett tub 
tester, model 3473-A, will check any typ: 
radio-receiving tube, miniature hearing-aic 
tubes, pilot lamps, flashlight bulbs, anc 
television picture tubes. The tester give: 
both a short- and open-circuit check o: 
each element of every tube; televisior 
tubes can be checked without removing 
them from the receiver by use of ar 
adapter that may be purchased separately 
Filament voltage is 0.63 volt to 110 
in 14 steps: power is 115 volts, 
cycles alternating current. Complete 
tails may be obtained from the Tri 
Electrical Instrument Company, Bluff 
Ohio, 


Subminiature Paper Capacitors. 
able as standard for the first ti 
hermetically sealed subminiature 
neck, side-stud and end-stud cap 
as well as vertical and horizontal br 
mounting units. Developed by 
Sprague Electric Company, these — 
mounting arrangements are intended 
help equipment designers overcome Vi 
tion and shock problems encounte 
when mounting capacitors by wire Ie 
in military gear. The 125-degree-c 
grade _continuous-operating-tem 
capacitors use vitamin Q, 
organic polymer capacitor impreé; 
These subminiature units are a 
in voltage ratings from 100 to 1,0 
volts in both inserted tab and 
foil constructions. Complete detai 
contained in bulletin 2734, 

available from the Sprague _ 
Company, North Adams, Mass. 
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Doetecumerit’ Vheure. 


AMES G. BIDDLE CO., 1316 ARCH ST., PHILADELPHIA 7, PA. 


IOTOR DRIVEN 


@ ELECTRICAL TESTING INSTRUMENTS 


@e SPEED MEASURING 
@ LABORATORY & SCIENTIFIC EQUIPMENT 


INSTRUMENTS 


NUMBER 7 OF A SERIES 


“MEGGER®” INSULATION TESTERS 
anges up to 50,000 megohms at 2500 volts D-C. 


USES 


, Where a number of tests are made at 
one location, as in testing separate 
conductors in telephone cable. 


. For dielectric absorption measurements 
on the insulation of generators, trans- 
formers and cables. 


. Where high resistance values need to 
be measured continuously, such as for 
indicating the moisture content 
of paper in production. 


. As a convenient source of low energy 
test potential at comparatively high 
d-c voltages. 


Motor-driven ‘‘Megger”’ Sets are simple 
) operate, direct-readings by pointer 
eflection, rugged and portable; and they 
re of sufficient range and accuracy for 
10st practical purposes. 


DESCRIPTION 


The motor-driven ‘‘Megger” Insulation 
Tester is similar to the well-known hand- 
operated set except that the d-c generator 
is driven by a motor which can be con- 
nected to a convenient outlet. 


The generators in motor-driven sets 
have bearings and other features properly 
designed for motor operation. They are 
for continuous, or 24-hour duty. The 
driving motors which are rubber-mounted 
to reduce vibration are usually rated 1/20 
hp, 115 volts, 60 cps. Other voltage and 
frequency ratings can be supplied. 


The motor and its supporting bracket 
can be remoyed quite easily from the in- 
strument case and the set made available 
for hand operation where an external 
source of current may not be available. 
This change can be made in the field. 


For complete information write for 


Bulletin 21-20-EE. 


Photo courtesy Philadelphia Electric Co. 


Ney 


ELECTRICAL MEN IN 

INDUSTRY PREFER THIS 
DEPENDABLE AND RUGGED 
INSULATION TESTER 


For average industrial requirements the Meg 
type of Megger® Insulation Tester is by far 
the most popular set we supply. This incom- 

arable “trouble shooter” has ranges up to 
2000 megohms with hand generators up to 
1000 volts d-c. It is also supplied with a plug- 
in rectifier power supply either instead of or 
in addition to the hand generator. 


The performance and endurance records 
which these instruments have achieved are 
difficult, if not impossible, to match in any 
type of portable testing device. For insula- 
tion resistance measurements— ‘‘Megger” 
instruments are the recognized standard. 


Anyone can measure electrical insulation 
resistance in generators, motors, wiring and 
other electrical equipment with a Megger 
instrument—quickly—easily. Simply make 
connections, turn the crank and read the 
position of the pointer on the scale—no 
dependence on batteries or other source of 
test current; the built-in generator is always 
a ready and dependable source of supply. 

Learn more about these “‘indispen- 
sable” tools today by writing for Bulletin 
21-45-EE. 


HERE’S A “GOOD COMPAN. 

IONS” KIT FOR PRACTICAL 

ELECTRICAL ENGINEERS AND 
MAINTENANCE MEN 


Men concerned with all-around-the-plant 
electrical tests and resistance measurements 
tell us that these are “indispensable” tools: 


CVM constant volt- 
age type of Meg- 
ger® Insulation 
Tester for detectin 

dirt, moisture an 

deterioration in ad- 
vance of failure, or 
‘ (2% as a trouble-shooter 
‘ iH ' after failures occur. 


some _ Midget Megger® 
ae | 


The Midget Megger Circuit Testing 
Ohmmeter for measuring conductor 
resistance of coils, contacts and relays, 
and checking continuity of circuit and 
grounded parts. 


Be sure to write for your copy of 
21-85-EE today. 
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DEPENDABLE 


OUTDOOR BUS SUPPORTS 
ad FITTINGS... 


_ THE MOST COMPLETE LINE — 

BRONZE BUS SUPPORTS FOR USE WITH COPPER CONDUCTORS 
© ALUMINUM BUS SUPPORTS FOR USE WITH ALUMINUM CONDUCTO! 
« Avattable with and without insatatore 


Anderson Brass has made a specialty of assisting with solving 
"tough" substation bus support and connector problems. This 
specialty transcends all phases of electrical, mechanical and metal- 
lurgical problems. 


With more than two decades of specialized electrical, mechanical 
and metallurgical experience in the engineering and manufacture 
of bus supports, fittings and connectors we are qualified to assist 
in improving your substation's dependability and circuit security 
with no extra cost. This type of service is at your disposal from 
Anderson Brass. We welcome the "tough" problems as well as the 


"easy" ones. 
Consult one of our nearest 19 representatives or contact our main 
office. 


Write today for Catalog No. 205—Outdoor Bus Supports 
and Fittings. Information on aluminum bus supports and fittings 
available on request. 


nperson Brass Worxs., Ine. 


POST OFFICE DRAWER 215! 
Birmincuam,!,ALasama - 


® BRONZE AND ALUMINUM POWER CONNECTORS, FITTINGS, 
AND BUS SUPPORTS 
ALUMINUM SUSPENSION AND STRAIN CLAMPS 
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. taken directly in per cent moist 
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Midget Moisture. Meter. The 
midget moisture meter, speciall 
for instantly determining the — 
content of wood, lumber, plas 
wood products, has been announced 
Tagliabue Instruments Division, 
ment 67, Weston Electrical In 
Corporation, 614 Frelinghuysen 
Newark 5, N. J. The meter | 
moisture by the electrical resi 
method, which is based upon the fact 
the resistance of wood, measured be} 
accurately spaced electrodes with ec 
needle penetration and at a fixed pot 
varies proportionally with the mo 
present in the wood. Readings ea 


no reconversion tables or laboratory te 
necessary. Further details on the moist 
meter are contained in bulletin ~ 
which may be obtained upon request 
the company. 


Rotary Selector Switch. The Leeds 
Northrup Company has announced 4 
rotary selector switch for use in inst 
circuits. The contact resistance of 
new switch is about 0.001 ohm, and chang 
less than 0.0005 ohm on life tests 
10,000,000 operations. Stationary conta 
are made of solid silver. Thermal elee 


motive force is less than one i. 
when the switch is operated at nom 
speed, making the switch suitable for le 
level circuits. Maximum inductance 
less than 0.03 microhenry, and capacitar 
between segments is less than 0.5 mic 
microfarad.. Insulation withstands 5 
volts rms between segments and fc 
segments to ground. Current int oti 
capacity is one ampere at 110 vol 

cycles on resistance load. Contacts ¢al 
continuous current of five amperes. I 
details, write to The Leeds and No: 


Company, 4934 Stenton Avenue, 
delphia 44, Pa. 


Electronic Strainalyzer. An instru 
for the study of vibration, strain, 
dynamic stresses has. been introduce 
the Electronic Tube Corporation, 
East Mermaid Lane, Philadelphia 18 
Known as the H-42A Strainalyzer, the 
records phenomena up to 50 
amplifies these weak signals up 
times. It makes possible the sim 
observation and recording of four s 
traces on a single 5-inch oscillo: 
each appearing in correct time 
without the necessity of optical 
As a typical application, the S: 
can be used to check relative p 
four different points of a gun 
rocket and jet-engine testing or res 
firing cycle, chamber pressure, thrus 
temperature may all be recorded 
taneously, and will appear simulta 
on a 5-inch screen for absolw 
time and phase relationship. R 
the unit is accomplished with 
Oscillo-Record camera. Oth 
this instrument range from st 
and vibration studies in such 
as aircraft and automotive units to 
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QUIREMENTS FOR | 
A SET OF SNC OUReT a 


‘ 
= ELECTRICALLY, THEY MUST : WHEN INSTALLED, THEY MUST 
: @ carry the output with but one conductor per phase. ® present an attractive appearance. 
= ®@ not exceed a reasonable temperature rise. © be easily put in place. 
4 ? @ withstand overload without harmful effect to the conductor f 
4 or its insulation. 
; @ have a tight cover to prevent short circuiting by dust, moisture, FOR INSPECTION AND MAINTENANCE, THEY 
{ etc., on the creepage surfaces of the insulators. MUST 
j ~ @have a minimum of bolted connections in bus run. © be easily accessible, permitting quick replacement of parts, 
} ® protect against phase-to-phase short circuits. particularly insulators. 
@ have insulation which is not harmed by heat or age. | e withstand periodic high-potential tests without damage to 
insulation. . — 
MECHANICALLY, THEY MUST © protect personnel who may come in contact with bus enclosure. 
® provide for expansion of bus and cover due to heat. 
2 cae 
Pea ee. gemacht ¢ ; FOR ASSOCIATED EQUIPMENT, THEY MUST 
@ be adaptable to installation in congested areas. ‘a . i : E : 
@ withstand thermal and mechanical stresses without damage emake provision for mounting disconnecting switches, instru- 
f ment transformers, and protective devices. 
or operating failure. 
@ employ porcelain and metals to their best advantage. 
I-T-E ISOLATED PHASE BUS MEETS ALL THESE REQUIREMENTS! 
And it’s as easy as this to order! 
1. Give us a one-line diagram, like this — 3. We will quote — 
ONE LINE DIAGRAM 
TRANSFORMER GENERATOR 
6000 A. 6-6000/5 A. 
q Seren § 
SORT ON RY 3-500/5A. t r 100000 KW Jf 
36 r 
J 
aq H _ 128000 __ § 
4 honoahen ww : FULL LOAD CURRENT 13.00V5° S360A. r 
a 13.2 KV/2.4 KV (TT MOMENTARY CURRENTS - RMS AMP SYM , 
i MAIN BUS = 67000A._ 2 
r TAP = IOOOOOA. TYPICAL LAYOUT OF ISOLATED PHASE BUS 4 
q 2. Plus pertinent information about your 4. And then build your Isolated Phase Bus. a 
building, generator, and transformers. a 
For further information, see your local I-T-E Representative, or write, 5 | 


SISOLATED PHASE BUS STRUGHIRES 


a Grrcuit Breaker Company + 19th and Hamilton Streets. Philadelphia 30, Pa. 
Power Switching Equipment: Railway and Industrial Engineering ay Groen, Pa 
| RaleE PeMMaN MIRNBsReentasiorn Pover Dcvces 1. atommmletpar Salers Pips exper Goin an Toth 


R + UNIT SUBST 


ATIONS + ISOLATED PHASE BUS STRUCTURES - CIRCUIT BREAKERS + MECHANICAL RECTIFIERS « RESISTORS +» SPECIAL PRODUCTS 
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internal combustion engines, all rotating 
and reciprocating mechanisms, and many 
others. This model, H-42A, is designed 
for d-c bridge excitation from self-containec 
batteries and has the necessary high-gair 
d-c amplifiers, balance controls, and voltage 
and calibration controls for each strair 
gauge bridge channel. Also, the instru. 
ment is not acoustically sensitive—wher 
operated within 15 feet of the firing of < 
400-pound rocket with only a blast wal 
between, no microphonics are detectable 
A bulletin giving full details of the Straina- 
lyzer will be sent on request to the company 


MARCUS 
DRY TYPE TRANSFORMERS 


TRADE LITERATURE 


Instrument Transformers. A 93-page 
brochure,. GEA-4626, containing tc 
information on General Electric instrument 
transformers has been announced as avail 
able from the Meter and Instrument Diy 
sions, General Electric Company, Schenee 
tady 5, N.Y. 


TYPE ACO 


All purpose, indoor or outdoor, 
dry type distribution trans- 
formers. Sizes to 100 KVA, 


General purpose transformers, . 2 a 
600 volts and below; 1-15 Electronic Parts, A 130-pa¢6 
of radio, television, and electronic com 


KVA inclusive, single or three : 
phase comeletely celf cons ponents has been published by Sun Radic 


voltages to 5000 V. tained: and Electronics Company, Inc., 122-12 

. Street, New York 7, N. Y. It may 

0000000 0000000000000 0000000000000 00808808 be busier cee aoe * 
ee 

©. 


Synchronous Generators. The 3 
Chalmers Manufacturing Company ha 
issued a 32-page booklet, 05B7549, 6 
hydraulic turbine-driven synchronous gen 
erators and large vertical motors which i 
available from the company at 931 Soutl 
70th Street, Milwaukee, Wis. % 
Connectors and Installation Tools. # 
24-page catalogue describing Hydent elec 
tric connectors and installation tools ha 
been published by the Burndy Engineerin 


FURNACE TRANSFORMER LYRE FS UNIT SUBST ARON Company, Inc., New York 54, N. ¥. Thi 
3 PHASE, 3/2 PHASE, 1 PHASE Spr aa ieeede fe vbr 3D catalogue, as Y53, may be obtainet 
Uses—Forging, heat treating, melt- oe - eprint os bls be etka a: 44 
digs cFeslstanca Haerihig tire aire, rupter on H.V. (left). Drawout 4 


type breakers and metering equip- 
ment on L.V. 


etc, 


Technical Sound Films. Seventy-twi 

: ae 
sound films which cover general interes 
subjects, product information, and trainit 
MTC produces a complete line of and instruction courses are listed in a ne 


ONE OF THE WORLD'S LARGEST 
MANUFACTURERS OF DRY TYPE 


TRANSFORMERS EXCLUSIVELY quality transformers to 2000 KVA. A 1951 catalogues 20) a ee 

‘ Westinghouse Electric Corporation, Bo 

a fe) 200084 up fa newly expanded plant with the most 2099, Pittsburgh 30, Pa. All films liste 

' olts to mee ° ee a e 
Individual Requirements modern equipment, plus a background are loaned free to organized groups, sucl 


professional, civic, and business. 


© DISTRIBUTION of years of dry type specialization, 


@ GENE ° . 

Rip hehe assures maximum transformer value. Nickel Cadmium Battery. The aleale 
- Bee tien nickel cadmium storage battery is de 
© RECTIFIER scribed in a bulletin published by Nite 
‘@ WELDING Inc., 165 Broadway, New York 6, N. ¥ 
@ MOTOR STARTING The bulletin, number 7-7053-E, may B 
@ SPECIAL 7 


obtained upon request. - 


T R A N Fluid Flow Rate Testing. A technitz 
S F 0 R M E R C 0 Zi report, A-9C-4, containing data on t& 

INC. newest technical developments on ful 

CONFORM TO THE STANDARDS 32 MONTGOMERY STREET flow rate testing for the aviation industry: 


MARCUS TRANSFORMERS 


OF N.E.M.A. AND A.1.E.£. H 2 available from the Fischer and Porter Com 
Representatives in Principal Cities ILLSIDE 5, NEW JERSEY ee 3780 County Line Road, Hatbor 
a. 


PIONEERS IN THE FIELD OF AIR-COOLED TRANSFORMER? 


(Continued on page 56A) 
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Vital Station Interconnections 
Get Maximum Protection 


isolated-phase bus 


Vith G-E isolated-phase bus runs for vital interconnections 
etween generators, transformers and main switchgear, you 
now that every precaution is taken to insure freedom from 
aults of every type. Dusit-tight, weather-tight aluminum 
onstruction seals out many possible causes of flashover. 
dyanced G-E design reduces the number of creepage sur- 
ices without sacrifice of mechanical strength. Supplied in 
ither individual-phase sections or as a complete three-phase 
ackage, G-E isolated-phase buses simplify installation prob- 
ms and cut costs. 


Your G-E sales representative has complete information. 
sk him for a copy of GEA-5460, a 28-page publication that 
ill aid you in planning your buses, or write to General 
lectric Company. Schenectady 5, N. Y. 


Typical three-phase section of G-E isolated-phase bus. Bus is copper, 
channel-type to provide maximum strength. Silver contact surfaces 
assure full flow of current and eliminate oxidation troubles. Insulators 
conform to NEMA standards, are normally carried in stock in power 
stations. Gasketed, aluminum cover has two sets of hinges to permit 
opening from either side. Lugs release covers without removal of any 
bolts. End bells are welded to housing, Adjacent ring flanges are 
tightly joined by split aluminum bands whose mating edges are also 
gasketed. 


855-26 
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or 
oy 
e— 


Everything 


in Carbon but 


diamonds 


BRUSHES FOR ALL ROTATING ELECTRICAL 


EQUIPMEN CARBON, GRAPHITE and PRECIOUS METAL 


CONTACTS(@) —BATTERY cansonsZ BEARING MATE- 
RIALS BRAZING FURNACE BOATS \ CARBON 


PILES es CLUTCH RINGS >} CONTINUOUS CAST- 


ING pies DASH POT PLUNGERS@ ELECTRIC FURNACE 


HEATING ELEMENTS cax=smss=>_—s—is“« FRICTION SEGMENTS CO 


GLASS morn Zp MERCURY ARC RECTIFIER aNoortaee 


METAL GRAPHITE contacts gf POWER TUBE ANODES 


RAIL BONDING morose RESISTANCE WELDING and BRAZ- 


ING TIPSS, SEAL RINGS (for gas or varia )) SPECIAL 


MOLDS and DIES VA 


WATER HEATER and PASTEURIZATION ruectnontsg anovis 


TROLLEY and PANTOGRAPH SHOES Gam 


FOR ELECTROLYSIS. WELDING CARBONS, et. ————> 


at a 


\ 
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Lathe Handbook. ‘The revised editi 
the lathe operator’s handbook, “How 
Run A Lathe,” is available in paper b 
ing at $0.25 or in imitation leather fal 
koid binding at $1.00 a copy postpz 
The 128-page booklet may be obtained 
writing to the South Bend Lathe Wor 
South Bend 22, Ind. 


Corrosion Resistance Computer, 
pocket-size computer that quickly 
which proper nonferrous or stainless 
alloys to use for 142 corrosive situation 
offered upon request to The H. M. Har 
Company, 8200 Lehigh Avenue, Morton 
Grove, Ill. 


High-Frequency Power Resistor. A 
high-frequency, high-power resistor fo 
vision, frequency modulation, and 
tric heating applications is describ 
bulletin F-2, available from the Inter 
national Resistance Company, 401 Nort 
Broad Street, Philadelphia 8, Pa, 


Transformer Catalogue. The new 1951 
36-page edition of the Stancor television 
transformer catalogue and replacement 
guide is now available from the Standard 
Transformer Corporation, 3580 North Els- 
ton Avenue, Chicago 18, Ill. 


Viscorator Instruments. Viscorator in- 
struments, which provide an instantaneous 
method for determining viscosity values for 
industrial processes, are described in cata- 
log 88, which may be obtained upon request 
from the Fischer and Porter Company, 4030 
County Line Road, Hatboro, Pa. 


Professional Recording Equipment. The 
RCA Victor Division of the Radio Cor- 
poration of America has released a 20-page 
brochure describing RCA’s latest pro- 
fessional-type disc recording equipment. 
Form 2J-6895 can be obtained from De- 
partment 522, RCA Engineering Products, 
Camden 2, N. J. 


Microcasting Case Histories. A folder 
describing precision casting applications, 
called a “File on Méicrocasting Case 
Histories,” has been published by the 
Microcast Division of Austenal Labora- 
tories, Inc., 715 East 69th Place, Chicago 
37, Ill. iti is available upon request. 


Life-Line. Motors and Generators. 
Booklet B-4595, containing information on 
the new life-line type SK d-c motors and 
generators, is available from the Westing- 
house Electric Corporation, P. O. Bos 
2099, Pittsburgh 30, Pa. 


Electrometer. The Loudon model 36/- 
dynamic condenser electrometer has 
described in a booklet released by Loudor 
Instruments, Inc., 5644 Lake Park Avenut 
Chicago 37, Ill. Designed especially fe 
nuclear research work, this electrometeé 
has measuring ranges and operating flexi 
bility suitable for general laborato 
measurement of small direct currents 
voltages in high resistance circuits. Th 
booklet may be obtained upon request. 
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Over 55 tons of 5-inch Okonite cable...laid across the Willa- 
mette River by Portland General Electric Company in just 40 min- 
utes! Okonite reels were specially designed to expedite the job. 


Ti. 13 Kv Okonite submarine cables were re- were tested at 93,000 volts for 15 minutes at d-c 
cently laid simultaneously across the Willamette during fabrication. After armoring they were tested 
River, Portland, Oregon in 40 minutes. This notable at 75,000 volts for the same period at d-c — in addi- 
engineering feat represents a vital transmission link _ tion to a-c high voltage tests. 
between a power plant on the east side of the The 500,000 CM conductors in these cables were 
city with the underground system in the west side _ insulated by the famous Okonite strip process, as- 
business district. suring absolute uniformity of wall thickness... 
Measuring 5 inches in diameter and weighing 31 perfectly centered conductors. As in other Okonite 
pounds per foot, these 1800-foot rubber insulated _ cables, the insulated conductors were vulcanized in 
cables were protected by steel armor wire. Special a continuous metal mold under high pressure, 
Okonite-designed reels helped to speed the laying. resulting in higher density, greater physical and 
Of particular interest in the engineering of these _ electrical uniformity. . 
cables was the high voltage testing used to check No matter what Okonite cable you buy, you can 
out any tiny hidden defects which would not show be sure of obtaining true cable economy... the 
up under ordinarily-specified test voltages. De- economy of long life and uninterrupted service, 
signed for operation at 13,000 volts, these cables The Okonite Company, Passaic, N. J. 


8 OK ON bE T E //*A insulated wires and cables 


St, 
vf 
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OTALLY ENCLOSED 22 


Supplant Conventional Open Designs 
on Duquesne Light Company Systems 


Duquesne Light Company for many years urged the development of an arc-free 
air switch that could be metal-clad, yet capable of interrupting load and chargi ng 
currents at 22 KV. 


Such a switch was needed for their 22 KV loop and double tap systems t 
permit the total enclosure of unit substations, successive steps towards which ha¢ 
been taken in recent years, as pictured here, by enclosing the secondary swi 
gear and by placing underground the secondary, then the primary connections 
All that remained exposed was the primary switchgear. 


Following the S&C development of 23- and 34.5-KV interrupter switches; 
the metal-clad switchgear unit shown on the right was designed jointly by 
Duquesne Light Company and S&C. The result is the totally-enclosed 2000 KVA 
unit substations shown below, on which they comment: ; 
“It was found... because of the proximity of various hazards, small sites, and 
safety against external interference... that the totally enclosed job permits a 
satisfactory and safe installation that might have to be located elsewhere if 


these features had not been developed. In fact, the totally enclosed job will 
be used in all future installations with few, if any, exceptions.” 


i 


S&C Metal-Enclosed Switchgear, using Alduti Interrupter Switches and Type SM 
Power Fuses, probably offers many advantages for your system also, including 
low original and maintenance costs. Your inquiry is invited. 

The details of Duquesne Light Company’s unit substation program are : 


= presented in a paper entitled ““The Application of Unit Substations” 
= 7 9 5 rt) by W. P. Holben and G. N. Hoffman. Copies will be sent on request. 


22 KV and 4 KV Underground; switchgear totally enclosed 


saciataiaina iediiialaiaiciainaainaae 
§ * 


ELECTRI( 
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derground; switchgear totally 


z 


=F 


22 KV and 4 KV Un 


DANGER ore : ; , ; 
WMG VORTAOE it ? s ‘3 7 
KELP AWA’ . a 


ote Se 


> O M PA N y 4427 Ravenswood Avenue 
st Chicago 40, Illinois, U.S.A. 


In Canada, Riserlite Devices, Limited, Toronto 
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Want to dunk 


a motor 


without drowning it? 


JACK* HEINTZ does it! 


By immersing this motor in oil, one-third more power is 


developed, and the capacity of our customer’s specially de- 
signed pump gains a sizable competitive lead. 

Since oil is unfriendly to motors, this motor has unusual ’ 

features—like oil-resistant insulation and special, corrosion- 
resistant switch contacts. We furnish stators, rotors and if 
switches which must fit perfectly with parts made by our ' 
customer to insure both a hermetic seal and dependable j 
performance. 
INE. Bs ae ae The engineering and production problems involved here 
to fit customer's housing and pump. are typical of those J & H tackles every day. Whether you 
want a complete motor or parts to fit your own product, 
whether unusual design or unusual operating conditions are 
involved, whether your quantities are large or small—just 
remember that Jack & Heintz does it! 

For information, write Jack & Heintz...Cleveland 1, Ohio. 


J & H Precision-built rotor, stator and switch 


ees | Jacks Hemvrz 
SE bertinn ct aere tg: } fo ole 


creative engineers design Rofomotive equip- 
ment for many industries. They develop, test 
and produce working models. They are the E [ IPME N TL 
reason why J & H custom-built motors can 

lems. : : 
solve special problems. means electrical, hydraulic or mechanical devices designed to solve 
unusual problems of developing power, controlling it, or using it 
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DON’T GUESS 
ABOUT 
WIRING! 


THE NEW SPRAGUE 


e This handy, portable instrument makes it 
quick, simple and easy to check existing wiring 
to see if it will safely carry proposed loads or if 
it is adequate for present loads. An effective 
visual on-the-job convincer to show customers 
the effect on adequacy of wiring as loads grow. 


e Meter pointer indicates percent voltage drop 
under load directly on 115 or 230 volt circuits. 
No calculations to confuse customers! 


e Furnished complete with connectors for con- 
venience outlets, electric ranges, panel boards, 
etc., for industrial, home, farm, and shop use. 


Write for Bulletin PF-600 


ELECTRIC AND 


THE NEW SPRAGUE 


Find POWER 
LINE RADIO 
NOISE SOURCES 
Quickly! 


e The ideal, portable instrument for fast, easy 
location of radio noise sources on power lines 
and electrical equipment. 


e Compact, rugged, easy to operate. 


@ Utilizes 8-tube superheterodyne circuit. Fre- 
quency range from 550 kc to 30 mc. 


e@ Operates from self-contained dry batteries, 
automobile battery, or 115 volt lines. 


e Features include loop and collapsible rod 
antennas, built-in loudspeaker, built-in dual 
range Output and battery test meter, calibrated 
r-f and audio gain controls, and beat frequency 
oscillator. 


Write for Bulletin PF-601 


SPRAGUE ELECTRIC COMPANY 


NORTH ADAMS, MASSACHUSETTS 


ELECTRONIC DEVELOPMENT 
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way 
protection 


insures the | 


long-life inherent |\ 
in Kerite Cable \ 


Kerite’s 3-way protection of quality— 
through the finest possible engineering, work- 
manship, and handling—insures you a 3-way 
service benefit—the safety, reliability, and ~ 
economy that are inherent in the insulation itself. 

Whether it’s a special cable or one for the standardized circuits of power- > 
plant and signaling operation, Kerite welcomes the opportunity to consider your ~ 
requirements in the light of nearly a century’s experience applying the exclusive 
Kerite formula to vital cable services. 

THE KERITE COMPANY, 30 Church Street, New York 7, N. Y. Offices 
also at 122 Michigan Avenue, Chicago; 582 Market Street, San Francisco; 
3901 San Fernando Road, Glendale 4, Calif. 


KERITE CABLE 


Kerite Insulation— Your Cable’s Best Life Insurance 


DON’T SPREAD IT AROUND..... 
We're in full-scale production in our 
new, larger plant. 

(Our previous factory was destroyed | 
by fire on January 10, 1951.) | 
With our expanded facilities, we can 
promise you good delivery on Glass- | 
mikes, Plasticon Capacitors, HiVolt 
Power Supplies and Pulse Forming Net- 

works . . . if you promise to give us 
realistic delivery requirements, 


MANUFACTURERS All Phones. AMbassador 2-3727 


Glassmike Capacitors 

Plasticon Capacitors 

HiVolt Power Supplies 
Pulse Forming Networks ondenser roducts Company 


7517 North Clark Street » Chicago 26, IIfi 
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TYPE E-236 
Potential Transformer 24,000:120 V. 


TYPE KG-9 
Current Transformer 69,000 V. 


TYPE ET-5 TYPE ET-12 
Potential Transformer 14,400:120 V. | Potential Transformer 138,000:115 vole 


— — a a a 


FOR HIGH-VOLTAGE APPLICATIONS UP TO 287 KV, 
General Electric offers a complete line of oil-filled instrument transformers. _ 
A representative group is shown above. These transformers are available 
for all types of applications. For further information, contact your G-E- 
representative or write for the new 1951 Instrument Transformer Buyer’ Ss 


Guide, (GEA-4626), Section 604-28, General Electric Company, — 
Schenectady 5, New York. 


TYPE KC-356 
Current Transformer : “ ae ee 
230,000 volts 
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For Pinion and Commutator 
Ends of Traction Motors 


In the most demanding types of service Rollway Bearings ROLL RIGHT 

because they’re MADE RIGHT. Under load, there’s no skew of the rollers 

E —no dragging end-rub or destructive side shock. True right-angle align- 
ment results in longer bearing life during continuous heavy-duty operation 


... Cuts maintenance cost and lay-up time. 

Roll the RIGHT WAY with ROLLWAY! Send us your bearing problem. Our 
engineers will gladly make necessary calculations, drawings and supply the 
information required for its solution. No charge or obligation. 


Rollway Bearing Co., Inc. 
Syracuse, N. Y. 


SALES OFFICES 
Philadelphia Boston 


; Pittsburgh 
8 Cleveland Detroit 
Chicago 
Houston Los Angeles 


Complete Line of Radial and Thrust Cylindrical Roller Bearings 


June 1951 
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SILVER 
GRAPHALLO 


For extraordinary 
electrical performance 


4 
© 


AND CONTACT MAT 


QUIET as a IN BRUSHES 


Champion’s Caddy! 


¢ for high current 
density 


HERE’S WHY: 


Pinco “NOCORONA” Units have “fired-in” radio proofing... 
physically and ceramically an integral part of the insulator. 


® minimum wear — ; 
© low contact drop q 
iy 


¢ low electrical noise” 
' 


Have smooth conductor surfaces; are free from “fringe effect” 
and are resistant to arc-over burns. 


Have rugged construction, unaffected by ‘“NOcORONA” 
treatment. | 


Have service records dating back to 1929 provimg quietness 
at operating voltage. 


Have been manufactured since 1929 by approved Pinco 
processes. 


e self-lubrication 


op ee 


IN CONTACTS 


"| 
* for low resistance 


See Page 38, Pinco Catalog No. 49 
for complete electrical and mechanical characteristics. 


% 


® non-welding 
character 


e 
Grophalloy is a special 
silver-impregnated graphite 


763 Main St., Lima, N. ¥. 


Accumulated design experience counts @ 
call on us! 


GRAPHITE METALLIZING 
CORPORATION 


1053 NEPPERHAN AVENUE, YONKERS 3 NEW YORK 


* 
Suspension Insulators . . . Switch and Bus Insulators PINCO 


. » « Distribution Clamps . . . Distribution Pin Types 
and Guy Strains . . . Transmission Line Fittings . . . is 
Tree Insulators .. . Transformer and Circuit Breaker 
Bushings ... One Piece and Multi-part High Voltage 


Pin Types . . . Suspension and Strain Clamps... Indoor Bus Support Porcelain 
» «+» Lightning Arrester Porcelain, 


INSULATORS 
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MINEDIPUS 
that boss 


]| In fact, these accurate and dependable units have been a 
ag eS @ @ @ Kollsman specialty for years. 


Wes, throughout aviation history—where hummingbirds have 


In the realm of the airman, where tiny 
high-precision motors regulate intri- 


cate systems of instrumentation and con- 


had to boss eagles— Kollsman has won renown for doing the 


job inimitably well. 


for precision and dependability 


kK LLG MAN 


INSTRUMENT CORPORATION 


Elmhurst, New York « Glendale, California 


UNE 1951 Please mention ELECTRICAL ENGINEERING when writing to advertisers 15A 


the spike tect proves th/ 


es 


American PS Shielded Cables are perfect for aerial lines. Tree trim- Here’s a good example of the way PS Shielding prevents corona 
ming is practically eliminated. Corona troubles vanish . . . along formation. The conductor on the left is insulated with unshielded 


with television and radio interference. “ozone-proof” rubber. But the PS Shielded Cable on the right is 
completely free from corona. | 


PS Shielding is so flexible, light and small that 
it is easy to manhandle over support rigs in the 
most rugged country. 


PS Shielding provides an extra margin of safety when cable must 
dragged over sharp rock and when it must be handled by workers 


16A Please mention ELECTRICAL ENGINEERING when writing to advertisers 


Every lightning arrester is rated for operating 
tolerance. This is added to average published 
values. More important, however, it is deducted 
from the arrester’s protective function! The 
lower the tolerance, the higher the protection-- 
the more safety you get from your arrester in- 
a vestment. .. O-B Thorex lightning arresters have 

brought a radically low tolerance range to the 
American power industry, in terms of less than, 
_-++ 10 per cent sparkover and less than + 5 per 
cent IR discharge voltages. .. On older apparatus 


this added protection may be vital, since insula- 
tion levels can be considerably below new, 
modern standards. On more recent equipment, 
the added protection made possible with the O-B 
Thorex, is welcome insurance for costly station 
—— investments. . . Investigate the improved opera- 
ting standards made possible by the advanced 


protective characteristics of Thorex arresters. 
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Sylvania research in 
semiconductors leads 
development of new — 


_ o 
- 
fc 
“| a! 
| oe 
© 


Germanium Photodiode 


The new Sylvania Germanium Photodiode, 
the tiniest photosensitive device 

ever manufactured, is another example of 
the dividends of Sylvania’s broad 
program of basic research. 


Basic research on semiconductors, one 
important phase of this program, has 
promoted a better understanding of the 
mechanism of current flow in semi- 
conductor materials. The new 1N77 
Photodiode, for example, is a result 

of studies of the variation in 

resistance of germanium caused by 
radiant energy. 


It will make possible, for the 

first time, very small size auto- 
matic multiple counting, inspecting 
and recording systems. 


Other research in this field has 
contributed to the improvement 
of germanium and silicon 
crystal diodes which are now 
widely used in television 

.sets, electronic computers Semj-— 
and military radar equipment. 


SYLVANIA 
KLECTRIC 


ELECTRONIC DEVICES; RADIO TUBES; TELEVISION PICTURE TUBES; ELECTRONIC TEST EQUIPMENT; FLUORESCENT TUBES, FIXTURES, SIGN TUBING, WIRING DEVICES; LIGHT BULBS; PHOTOLAMPS; TELEVISION { 
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KEYSTONE rs 
GLASTIC 


Ni ie 
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ELECTRIC SERVICE MANUFACTURING CO. 


PHILADELPHIA 32, PENNA. 
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OFIMITE 
JAN-TYPE 


WIRE-WOUND MEET REQUIREMENTS OF 


RESISTORS JOINT ARMY-NAVY SPECIFICATION JAN-R-26 


3 


oll ANY Sl os 


eee NEY HULUPAANE Lignting Series..introducing 
HIGH EFFICIENCY with MAXIMUM VISUAL COMFORT 


Streamlined Styling 


The shallow depth of the 
9300 Series simulates the 
modern overall appearance 
of recessed units without 


the expense of roughing-in... 


The newest, important Holophane contribution to lighting advancement is the 
9300 Series of Surface-Attached HOLOFLUX* Units, result of long research 
and development . . . Their enclosed prismatic construction assures the greatest 
light output for fluorescent lamps with complete absence of cumulative glare, 
even in long, continuous runs . . . Because HOLOFLUX Units are applicable to 
such a wide variety of lamp arrangements, the best level of illumination is 
attainable for any specific interior. The prismatic glass panels are not subject to 
permanent depreciation; are easy to keep clean... The 9300 Series is recom- 
mended for commercial and institutional buildings . . . offices, classrooms, 
drafting rooms, stores, schools, banks and libraries. Architects and engineers are 
invited to submit plans for lighting recommendations by Holophane engineers. 


Write for New 9300 Series Folder today. 


ae 


Bipin or Single Pin 


HOLOPHANE COMPANY, Inc. 


Lighting Authorities Since 1898 * 342 MADISON AVENUE, NEW YORK 17,N.Y. 
THE HOLOPHANE COMPANY, LTD., THE QUEENSWAY, TORONTO 14, ONTARIO 


r, U.S. Par. Off. 


This is the old open-type switchgear originally installed 
at the Traylor Engineering & Manufacturing Co. Exposed 
switches were a safety hazard. With extra feeders 
added through the years to take care of expansion, the 
rear of the switchboard had become a tangle of cables, 
inviting short circuits. Old 240-volt distribution system seri- 
ously limited future expansion. 
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ower bottleneck broke 
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New G-E Metal-Clad 
switchgear provides 
for increased output, 
gives greater safety 


Old equipment was: 
inadequate for 
growing needs 


After years of service at the Traylor Enging 
ing & Manufacturing Co., Allentown, | 
the old-fashioned switchgear shown at 
was operating on borrowed time. Alre 
over-loaded through increasing power d 
mands, it had become a bottleneck that limit 
expansion and hampered efficient productio 
With interrupting devices entirely in 
quate to handle the power that could 
delivered under short-circuit conditions, 
major fault in the system could have b 
disastrous. 
Today this obsolete equipment has be 
replaced by modern G-E metal-clad swite 
gear. Dangerous exposed switches have va 
ished. Interrupting capacity is adequat 
take care of abnormal conditions. And @ 
modern high-voltage distribution system as 
sures ample power for years to come. See 
opposite page. be 
For information on similar equipment fot 
your plant, contact your G-E sales represe: 
ative—or write for Bulletins GEA-3 
Metal-clad Switchgear; GEA-3592 Lo 
center Unit Substations; GEA-3758 Lo 
center Power Distribution. General Elect 
Company, Schenectady 5, N. Y. i 


4 


ew Packard antenna design’ employs two Du Pont plastics 


Nylon plastic and “Alathon” polythene 
resin meet mechanical and electrical 


requirements for automotive antenna 


Two Du Pont plastics materials—nylon and ‘“‘Alathon’’* 
polythene resin—are playing key roles in the success of 
this new motor-driven antenna used on Packard automo- 
biles. A 414-foot flexible rod which raises and lowers the 
‘tive’? members is made of nylon, as are the two gears that 
transmit power from the motor to pulleys which drive the 
rod upward and downward. Insulating bushings, which 
must have very low moisture-absorption and excellent 
dielectric properties at radio frequencies, are molded of 
“*‘Alathon.”’ 


The rod must have an unusual combination of properties. 
Most important of these: it must be rigid enough to force 
the antenna up and down, yet flexible enough to fold into 
a trombone-like position when the antenna is down; and 
it must also have good dielectric properties. Only nylon 
was found to meet the mechanical requirements, while at 


When driver pushes button, motor-driven the same time maintaining a high “‘Q” and low capacity. 
worm gear turns nylon gears, which turn The nylon rod and gears have been subjected to as many as 
spring-loaded pulleys. Nylon rod is driven up 80,000 cycles—many more times than they could possibly 
by pulleys, forcing ‘‘live” members upward. be called on to withstand during the life of any car. Neither 
Rod coils into trombone-like shape (dotted shows any sign of wear. 

line) when antenna is lowered. (Automatic an- ’ 

tenna used on 1951 Packards made by Casco Both nylon and “‘Alathon”’ are finding a number of uses 
Products Corp., Bridgeport, Conn.) in molded parts for electrical equipment, in addition to 


their many well-known applications in wire and cable. 
Nylon is used in such items as coil forms, insulator bush- 
ings, grommets, motor slot liners, switch components... 
“Alathon” in radio and television parts, potting com- 
pounds, etc. 

Demand for both nylon and ‘‘Alathon” currently ex- 
ceeds supply. However, we suggest that you evaluate these 
materials for future application. We will gladly discuss the 
BC tee availability of quantities for development work. For 


additional information, write: FRADE ARC 
j LAS Ul Ics E. I. du Pont de Nemours & Co. (Inc.), 


Polychemicals Dept., District Offices: 

Better Things for Better Living 350 Fifth Avenue, New York 1, New York 
.. through Chemistry 7 S. Dearborn St., Chicago 3, Illinois 

845 E. 60th St., Los Angeles 1, California 
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Underwriters approved as Type USE—Style RR 


for 600 Volts. First to be approved by Civil 
Aeronautics Administration as Type A insula- 


tion for airport wiring under Specification L-824. 
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DIRECT EART 
BURIAL 


OVERHEAD 


IN CONDUIT 
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Street Lighting Cables 


tome manufactures a wide range of high and 
ow voltage cables for underground, or overhead 
wiring of series and multiple lighting systems... 
jesigned to meet your requirements. 


RoZone*-RoPrene Series Street Lighting Cable—5000 Volts 


foLene-Rome Synthinol* Series Street Lighting Cable— 5000 Volts 


RoLene Ornamental Pole and Bracket Cable — 
4000 to 12000 Open Circuit Voltage 


JUST OFF THE PRESS! 


The New Rome Power and Control Cable Catalog 


This new sixty-page catalog will be an im- 
portant addition to your book shelf! Complete 
in every detail, it in- co 
cludes descriptions, test 
data, specifications and 
suggested applications 
for all Rome Power and 
Control Cables. You'll 
find it invaluable for 
specifying. Mail coupon 
below today! 


Insure Your Power Load With 


oMarine - RoPrene 


ALL-PURPOSE POWER CABLES 


You can't beat RoMarine-RoPrene for secondary 
network circuits, underground entrances, street 
lighting, or general purpose wiring. Exception- 
ally versatile, it is equally at home in country or 
city ...can be installed direct in earth, in under- 
ground ducts, conduit or in air. If it's RoMarine- 
RoPrene you know you're right. 

For long, economical service life RoMarine- 
RoPrene gives you double protection against 
costly circuit failures. RoMarine insulation af- 
fords high resistance to heat and moisture. The 
RoPrene (Neoprene) sheath has excellent resist- 
ance to oils, acids, alkalies, corrosive fumes, 
flame and abrasion. Its wide acceptance attests 
its popularity ... hundreds of thousands of feet in 
service have proved its dependability. 

RoMarine-RoPrene is less costly, easier to han- 
dle, tap and splice than lead sheathed cables. It 
is unaffected by electrolysis, extreme tempera- 
ture changes and installed underground pro- 
vides insurance against power outages from de- 
structive storms. Its versatility reduces inventory. 


OME CABLE CORPORATION, Dept. EE-6, Rome, N. Y. 


lease send copy of new Rome Power and Control Cable 


ratalog. 
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ROME CABLE 
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Riedl eel te oe SO ) 


Please mention ELECTRICAL ENGINEERING when writing to advertisers 


** PANELS - TOOLS 
WITH 


THE DIALS NAMEPLATES 
TRACER 


new hermes 


Enuneno 


TRADE MARK 


Us 


PORTABLE ENGRAVER 
WITH THESE FEATURES 


@ Engraves 15 sizes from ONE alphabet 

@ Covers a LARGER area than any other portable 

@ Equipped with self-centering holding vise 

@ Convertible into TRACER GUIDED ELECTRIC 
ETCHER for identifying tools and dies 


Send for Illustrated Catalog 
Portable Engraver-Catalog IM 43 


STEP DOWN® 
TRANSFORMERS 


Step-Down Transformers permit using 
standard 115/120 volt, 50/60 cycle 
motors or electronic equipment in 
installations where only a 230/240 
volt supply is available. Plug the step- 
down transformer into the 220/240 
volt line supply, connect the 115/120 
volt equipment to the transformer. 
That's all. 


VOLTAGE 
STABILIZER 


For circuits with continuous volfage 
fluctuation the Acme Electric Voltage 
Stabilizer was designed. Operates 
automatically, responds almost in- 
stantly to any deviation in normal 
voltage supply. Designed to pre- 
cision standards. 


RADIO TELEVISION 
ELECTRONIC 


Custom-made transformers designed 
from standard parts is usually pos- 
sible because Acme Electric owns all 
the tools, dies and equipment that 
are needed to make a wide variety 
of transformer designs and sizes. By 
adapting standard components avail- 
able, you save time — money. 


ACME ELECTRIC CORPORATION 


226 WATER ST. 


SIX IDEAS 
for IMPROVING| 
PERFORMANCE 


‘ 
2 


a | 


VOLTAGE : 
ADJUSTORS 


Provides for manual regulation of 
input volfage over a range from 65 
to 135 volts to exactly the voltag 
required for best performance of 

J 


electrical equipment. Available 
sizes from 150 watts to 10 KVA, 


HIGH 
VOLTAGE 


IGNITION ” 
TRANSFORMERS 


This is an example of what Acme 
Engineers have done in designing — 
transformers with secondary output — 
up to 10,000 volts. High voltage can 
be safe when components are de- 
signed iby experienced engineers, _ 


Le ; 


AIR COOLED 
- TRANSFORMERS 


Heavy duty designs in capacities from 
1/10 KVA to 167 KVA in primary 
voltage input up to 2400 volts, con 
be supplied on special order with 
secondary taps to meet specifications 
of special applications. 


y 


CUBA, NEW YORK 


Heavy Duty Engraver-Catalog H 43 


New hCTMNES, 710. 
13-19 UNIVERSITY PLACE e 


The world’s largest manufacturer of portable engraving machines 
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NEW YORK 3_N. Y. 


Acme Electric also manufactures; Alr Cooled Power Transformers « Cold 
Bede Lighting Transformers and Ballasts « Control Transformers © 
pour ell, Chime and Signalling Transformers « Electronic Transformers ¢ 
. (deat Lamp Ballasts « Luminous Tube Transformers ¢ Radio and 
elevision Transformers e Safety Transformers * Step Down Transformers © 

Voltage Regulating Transformers. 
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COMPLETE LINE OF CORES 


TO MEET YOUR NEEDS 


% Furnished in four standard 
permeabilities —125, 60, 26 
and 14. 


% Available in a wide range of 
sizes to obfain nominal in- 
ductances as high as 281 
mh/1000 turns. 


%* These toroidal cores are given 
various types of enamel and 
varnish finishes, some of 
which permit winding with 
heavy Formex insulated wire 
without supplementary insu- 
lation over the core. 


ENUM pERMALLOY HIGH Q TOROIDS for use in 


CORES” Loading Coils, Filters, Broadband 


@eeeventeeeeeepeeeeeeeeeeeeeeeseeenee @& 


Carrier Systems and Networks— 
for frequencies up to 200 KC 


For high Q in a small volume, characterized by low eddy current 
and hysteresis losses, ARNOLD Moly Permalloy Powder Toroidal 
Cores are commercially available to meet high standards of physical 
and electrical requirements. They provide constant permeability 
over a wide range of flux density. The 125 Mu cores are recom- 
mended for use up to 15 ke, 60 Mu at 10 to 50 ke, 26 Mu at 30 to 75 ke, 
and 14 Mu at 50 to 200 ke. Many of these cores may be furnished 
stabilized to provide constant permeability (+0.1%) over a specific 
temperature range. 


* Manufactured under licensing arrangements with Western Electric Company. Wad 2930 
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That New-Type 
ELDORADO 
Keeps Drawing Engineers! 

y s 


me 


Here’s why those in the know 


—demand 


Flame-Barrier insert 


Contact precision-machined 
from solid bar stock, electro- 
plated with silver or gold 


Neoprene grommet 
relieves wire strain 


Shell, insert barrel, coupling 
nut and end bells are 


cad.-plated steel More engineers than 


ever are using the 
great new-type 
ELDORADO a 
DRAFTSMAN: All new- 
type Eldorado H’s are 


smooth, easy-going, and 
really hold their points! 


Split shell for easy wiring 
and inspection 


Here is another example of the care 
Cannon Electric takes in developing a 
connector for specialized use. This is the 
Firewall Connector to prevent the 
spread of a possible aircraft engine fire 
through the bulkhead into wing sections. 

Tilustration shows Flame Barrier type 
with phenolic insert and contacts having 
solder cups. Shell must resist an open 
flame of 2000° F for 20 minutes. Electric 
circuits not required to remain active. 


The Fireproof continuous service type is 
similar in appearance, but has crimp-on 
type contacts in fireproof insert mate- 
rial. Must carry rated DC current under 
open flame of 2000° F for five minutes 
and withstand vibration of 4%” double 
amplitude at 2000 cycles per minute. De- 
signed for aircraft, this connector has 
other applications where the going is 
tough. For further information request 
Cannon Electric Firewall Bulletin. 


All—and I mean all. 


ELDORADO: Right. You — 


can’t beat the new-type 
Eldorado withits stronger 
...denser, more uniform 
lead and longer point life. 
Eldorado’s exclusive 
Leadfast process insures 
no splintering or burring 
...leads are truly cen- 


tered. Rounded smooth 

-edges of Eldorado’s hexa- 
gonal shaft are easy to 
sharpen, comfortable to 
draw with. 


DON’T WAIT...send for 
your free samples of the 
new-type Eldorado today 
...the two degrees most 
useful to you. 


Write on your 
business letterhead 
to the address below. 


Cannon Electric AN Type Aircraft 
Firewall Connectors are available 
in 14 diameters with a large variety 
of insert arrangements in both 
Flame Barrier and Fireproof Types. 


CANNON ELE pie: Gannon Electric Go 
pire: Cannon Electric Co., 

2 Ltd., Toronto 13, Ontario. 

Since 1915 World Export (Excepting 

A British Empire): Frazar & 

Los Angeles 31, California Hansen, 301 Clay Street, 
REPRESENTATIVES IN PRINCIPAL CITIES San Francisco, California, 


DIXON’S 
TYPHONITE 


ELDORADO 


Joseph Dixon Crucible Co., Pencil Product 
Division 42-J6 Jersey City 3, NJ @ 
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lt tells your 
“RINGER” 


when not to ring! 


PERMANENT MAGNET 
\ 


SPRING 
HINGE 


ARMATURE -—— 


POLE 
PIECES . 


MECHANICAL FORCE MAGNETIC FORCE 
<_< > — > 


BIAS SPRING The Bell System’s new automatic method of adjusting telephone ringers uses a beam of light pass- 
ing between the gongs to a photoelectric cell. When test currents are applied to the ringer the 
machine decides whether to change the spring tension or the magnetic pull. After each change it 


tests again until the ringer is in perfect adjustment—and the whole procedure takes only 30 seconds. 


To you, it’s your familiar telephone bell. To tele- In the past, adjustment was made by hand, little 
phone engineers, it’s a “ringer.” And it has two jobs by little until the proper setting was reached. It took 
to do. It must ring, of course, when someone calls time. But now Bell Laboratories engineers have 
you. And it must overlook the numerous electrical developed a machine which adjusts new ringers per- 
impulses which do not concern it, such as those fectly, before they leave the Western Electric Com- 


sent out by your dial. pany plants where they are made. And the operation 


Ability to respond to some impulses, to ignore takes just 30 seconds. 


others, requires exact adjustment between the pull of 
a magnet and the tension of a spring. If they are 
out of balance your telephone might tinkle when it 
oughtn’t, or keep silent when it should ring. 


BELL TELEPHONE LABORATORIES 


WORKING CONTINUALLY TO KEEP YOUR TELEPHONE SERVICE ONE OF TODAY'S GREATEST VALUES 


This is another example of how the Laboratories 
work constantly to improve every phase of telephony 
— keeping the costs low while the quality of service 
grows higher and higher. 
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IF YOU NEED 


PORCELAIN INSULATORS 
LIKE THIS dip 


WE KNOW HOW 
TO MAKE THEM! 


This insulator, with overall dimensions of 6% inches 
by 4% inches by 21%6 inches conceals under its 
smooth exterior, some difficult molding problems. 
As the photos show there is a '%4e inch skirt. Above 
this the body carries a rectangular, tapered socket, 
2%, inch deep, four post holes and two through 
holes. Long experience in solving such intricate de- 
sign problems enabled Universal engineers to suc- 
cessfully reproduce this piece to extremely close 
tolerances with each piece of uniform density. A 
Universal engineer will be glad to work with you. 


me UNIVERSAL 


1560 EAST FIRST STREET 


CLAY PRODUCTS CO. 
SANDUSKY, OHIO 


CCE es 


AT LAST! AN OPEN-END RATCHET r= 
WRENCH — the world’s first true 
universal wrench. A patented design 
for connections on tubing, rods, ' 
piping, conduit, studs, etc. Sixty-four 
socket sizes from %" to 4”. Smallest 
effective ratcheting are yet —5° to 
7%°. TAC will also do every job 
any ordinary ratchet wrench will do: 
one TAC set replaces literally doz- 
ens of single-purpose hand tools. 


1 4 
ww”: “GE TUBING APPLIANCE CO, 
7112 South Victoria » 10321 Anza Ave. + Los Angeles, Calif 


makers of 
advanced tools 
for industry 


TAC is the registered trademark of 


MELD 


NEUTRAL 
BARS 


save time and money 
and above all, 
get better 
connections. 


DO YOU WANT OUR 80-PAGE MANUAL? 


ILSCO COPPER TUBE & PRODUCTS, INC. 


34A 


MARIEMONT AVE, 
CINCINNATI 27, 0. 
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SYNVTRON 


SELENIUM | 
RECTIFIERS. 


Made by a new proc- 
ess to a uniform, high 
quality for continuous, 
heavy-duty service. 


One inch square to 
12- by 16-inch cells in 
standard stacks or for 
customer assembly. 


Write for literature a 


SYNTRON CO. ie 


440 Lexington r 
Homer City, Pa. o 


5743 


A MASTERPIECE UF INSU eee eee 


A 
oF 


LOCKE DESIGN gives you! 
ALL these advantages 


I. Precision ‘assembly jigs maintain positive alignment betwe , 
tapped holes in the cap and bolt holes in the pin (or base). The te! 
of the cap and bottom of the pin are parallel to within .015-ineh cl 
Such accuracy means easy assembly of switches or other apparat 

mounted on them. = + 
2. Vertical ribs on the inside of the caps and the outside of the pi 
provide high torsional strengths. ‘ 
Be The Locke wet-process porcelain body—the toughest known 
has been a standard of comparison since 1893. It is fully capable « 
withstanding power arcs, lightning flashovers and extremely r 

handling. 
4. The contours of the corrugations are such as to give maximum 
resistance to mechanical impact consistent with total weight ar 
balanced electrical characteristics.. The depth of the corrugationd 
assure full leakage distance. 
5. Locke Compression Sand at the cement joints adds to strength 
and the stability of that strength, throughout the life of the insulator 
6.N on-hardening, resilient coatings, applied to all unsanded, load 
carrying surfaces, distribute loading efficiently and act as expansion 
joints under temperature changes. This contributes to longer life 


high voltage 


Switch Insulator 


7e Galvanizing is done by the exclusive Locke Permazine process} 
a quality-controlled, double hot-dip method that assures the highes% 
degree of resistance to weathering and corrosion. 


8. In assembly the lower edge of the cap is held positively away 
from the porcelain. This provides an expansion joint which prevents 
thermal changes from causing high internal stresses in the insulator 
9. Compression Glaze—a Locke development—assures high 
resistance to damage from thermal shock or mechanical impact 
This means that Locke insulators can be handled faster in construc: 
tion without danger of chipping or breaking. 


10. The uniformly smooth glazed surface assures easy natural 
cleaning by wind and rain, and aids the.insulator in maintaining i¢ 
originally excellent electrical characteristics. 


¢---—-----------~---- ---- - - ee 


in the complete line of Locke Insulators and Sus- 
pension Hardware. Each pays off in superior per- IN CO Rp 

formance on transmission and distribution lines, O 
generating stations, sub-station and electrical 
apparatus. 


YOU ARE EQUALLY SURE of master- 
pieces of design when you specify other products 


RATED 


B 
ALTIMORE MARYLAN 
D 


IW VOLTAGE PIN TYPE HIGH VOLTAGE PIN 
INSULATORS TYPE INSULATORS 


GUY INSULATORS LIQUID-FILLED BUSHINGS SUSPENSION & STRAIN 


SUSPENSION HARDWARE ENTRANCE nant 
CLAMPS 


Arco Cuts Testing Time 
80% With Thickness Gage 


Engineers of the Arco Company, Cleve- 
land, Ohio, manufacturers of industrial 
finishes and coatings, say that they have 
cut testing time and costs 80 per cent by 
using a General Electric Type B magnetic 
thickness gage for quality control. 

Every Arco finish is designed to be 
applied at a specific thickness for the best 
possible adhesion. Because the thickness 
gage makes it possible to check and con- 
trol thickness quickly and accurately, 
the G-E gage has become a vital part of 
their manufacturing process. 

Arco Company also uses this gage to 
help determine the hardness of their 
paint. The standard Type B thickness 
gage has a range of 0.10 mils to 100 mils. 
Other instruments of this type with 
ranges from 0.10 mils to 300 mils can be 
furnished to measure the thickness of any 
non-magnetic material on a magnetic 
base. 


CAPACITOR PEAK VOLTAGE in a jet- 
engine-ignition system is measured by a 
General Electric electrostatic voltmeter. 
It can measure peak voltages of critical 
ignition circuits without disturbing the 
ignition system itself. 


SENSITIVE LIGHTMETER AIDS STUDY OF 
STREET LIGHTING FOR NIAGARA MOHAWK 


Niagara Mohawk Power Corporation, 
Albany, N. Y. is currently using a G-E 
Type PF-13 sensitive lightmeter to aid its 
streetlighting surveys. “Because of its 
portability and high sensitivity, the 


PF-13 lightmeter enables us to check. 


quickly and efficiently critical low-light 
intensities—both indoors and _  out- 
doors,” reports Mr. C. E. Waldron, 
street-lighting advisor for Niagara 
Mohawk. 

The Type PF-13 lightmeter, weighing 
only 14 pounds with carrying case, has 
its cell corrected for oblique angles of 
light by a cosine-corrected lens. With 
two ultra-sensitive ranges, 0-1 and 0-5 
footcandles, streetlighting levels that 
before couldn’t be determined without 
elaborate equipment are taken with 
ease. 

In addition to use in utility-company 
surveys of street lighting, the meter is 
especially adaptable to surveys by law- 
enforcement, safety-lighting, and civic 
groups attempting to combat crime and 


to prevent motor-vehicle accidents 
through better lighting of streets and 
highways. 


New “Radiation Monitor” 
Just Announced by G. E. 


A new radiation detector, known as the 
“radiation monitor,” has been an- 
nounced by the General Electric Com- 
pany. It is designed for the use of engi- 
neers, scientists, doctors, and tech- 
nicians engaged in work where x-ray or 
gamma radiation is present. In addi- 
tion, it may be a valuable tool for 
civilian defense radiation programs. 

The monitor’s high sensitivity detects 
much smaller amounts of gamma radia- 
tion than is permitted by the most 
stringent safety regulations. This sen- 
sitivity, coupled with continuously 
visible indication, quickly gives warning 
of a radiation hazard in areas where the 
monitor is placed. 

Light weight (only fourteen ounces) 
adds to the convenience of the monitor. 
It’s also small—about the size of a 
quart oil can. Since it has a self-con- 
tained power source, it can easily be 
moved about. Furthermore, it does not 
require tubes or batteries. Full-scale 


SENERAL @@ ELECTRIC 


reading is from 0 to 20 milliroentgens: 
accuracy is plus or minus ten per cent. 
The monitor can be recharged by merely 
turning it upside down. 


SECTION D602-206, GENERAL ELECTRIC 
SCHENECTADY 5, N. Y. 


Please send me the following bulletins: 
Indicate: 
a/ for reference only 
X for planning on immediate project 
(1 PF-13 Sensitive lightmeter (GEC-611) 
CiType B Magnetic thickness gage (GEC- 
319) 
CJ Radiation Monitor (GEC-778) 
Electrostatic Voltmeter (GEC-403) 
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% RATED TORQUE 
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100 95 90 8 80 
% RATED VOLTS 


FULL PRODUCTION demands 
that rated voltage be main- 
tained to all motors. Over- 
load capacity, that extra 
push necessary for short in- 
tervals on many processes, 
falls off rapidly on under- 
voltage . . . falls approxi- 
mately 10% for every 5% 
drop below rated voltage. 


INCREASED 


HEATING EFFECT 
100 95 90 85 80 75 


% RATED VOLTS 


MOTORS BURN OUT quicker 
at undervoltage because of 
increased heating effect, 
Overload relays in the con- 
trols protecting your motors 
trip because of the extra 
current through them, open 
circuits to motors — cause 
machine down-time and pro- 
duction loss, 


Time-Stud 


= 
S 
S 


% NORM. MAX. TORQUE 
r—) 


JOBS TAKE LONGER because 
torque and horsepower drop 
when voltage drops. Less 
torque means lighter cuts on 
lathes, shapers and other ma- 
chine tools, More time must 
be spent to get the same job 
done. More overhead, more 
manhours must be figured 
into every job, 


0 20 40 60 80 100 
% RATED VOLTS 


— 


A MAJOR CAUSE of under- 
voltage is voltage drop in 
secondaty feeders, Existing 
systems may not be adequate 
for new production sched- 
ules. Install A-C Substations 
at load centers to reduce line 
losses, cut feeder length, 
hold proper voltage, increase 
production, 
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How L&N Unit Load Control _ 
Cuts Effects of Load Changes 


PLIT up system load changes among as many gen- 
erators as better- 
cheduled loading on each unit. This trend in system 
ontrol is a practical means of keeping load and genera- 


possible—and get smoother, 


ion balanced within a regulating area. 


The bigger the system, and the larger its total load. 


hanges, the greater is the opportunity of using Unit Load 
‘ontrol to. minimize the size and speed of variations felt 
y each unit. Ample flexibility is built into the control to 


low the station operator to choose ratio of load distri- 


bution, maneuvering points, and high or low limits—as 


determined by the system's requirements of the moment. 


If you’re adding new units, plan now for tomorrow's 
control needs. Or if you’re examining your present system 
with a view towards greater flexibility and closer automatic 
control of regulation, investigate the possibilities of apply- 
ing Unit Load Control to present capacity. An L&N en- 
gineer will be glad to work with you on your problem, or 
to send a copy of our catalog. Write to Leeds & Northrup 
Company, 4962 Stenton Avenue, Philadelphia 44, Pa. 


Jrl. Ad ND4-56-461(3) 


MEASURING INSTRUMENTS ° TELEMETERS - AUTOMATIC CONTROLS - HEAT-TREATING FURNACES 


LE EB Shs Ni Ors Tiere 
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PULLING 


ROCKBESTOS A.V.C. 
INTO THE OLD CONDUIT 
INCREASED CAPACITY 


FROM 320 TO 470 AMPS. 


G. Fox & Company, Connecticut’s largest department 
store, had a problem. Their building was modern — attrac- 
tive. However, the electrical distribution system was sized 
for 1920 loads —couldn’t handle the heavy demands of 
modern lighting, escalators, etc. 


The Solution — Rockbestos A.V.C.! Because Rockbestos 
A.V.C. carries more current size for size than ordinary cable, 
it offered an ideal solution. They pulled out the old cable — 
pulled Rockbestos A.V.C. into the old conduits. Capacity 
was increased 50% without replacing conduit — without 
major building repairs — without 
disorganization of selling areas. 


Rockbestos A.V.C. is the answer 
whenever overload circuits are a 
problem. Write for “Rx for a 
Building with Hardening of the 
Arteries.” 


@ You Use Existing Conduits 
yet iricrease capacity 30 to 50%. 


@ You Avoid Building Repairs 
such as the bracing, replasterin; 
repainting, normally required 
major electrical alterations. 


@ You Save Time 
because A.V.C. can be pulled 
place fast. 


@ You Avoid Business Interruptions 


since rewiring with A.V.C, in existin 
conduits is clean and easy. 


ROCKBESTOS PRODUCTS CORP. 


NEW HAVEN 4, CONNECTICUT 

New York ° Cleveland e Chicago ° Detroit 

Pittsburgh ° St. Lovis + New Orleans + Los Angeles 
Oakland, Calif. 
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THE BRUSH SEE VELOPMENT co. PRINTED IN U.S.A. 
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THE | BRUSH ‘DEVELOPMENT C co. PRINTED IN U.S.A. 
-ast relays checked by BRUSH Analyzer 
\ Brush Analyzer drew the graph above when Write for time-saving help stating your prob- 


me of the subscribers of an eastern telephonecom- lems. The Brush Development Company, Dept. 
any picked up his phone and dialed WU 2-1186. L-6, 3405 Perkins Avenue, Cleveland 14, Ohio, 
U.S. A. Canadian Representatives: A. C. Wickman 
(Canada) Limited, P. O. Box 9, Station N, Toronto 
14, Ontario. 


This record—drawn automatically in the time 
t took to dial the number—shows the timing and 
aagnitude of every electrical impulse involved in 


he complex operation. Such records of impulses Lae, eo : 
eto ad 2 4 Put thin writing wilh «a 


rom the dials of both subscribers and operators 

rovide the tip-off on equipments which require BRUSH RECORDING ANALYZER 

djustment or repair. 
This check on fast relay operation is but one 

f hundreds of investigations of electrical and 

1echanical phenomena which are being made Vitbd, 

peedily with Brush Analyzers. They record - 

istantaneously. They simplify the study of pDpEYELOPMENT COMPANY 

rains, displacements, pressures, light intensities, PIEZOELECTRIC CRYSTALS AND CERAMICS * MAGNETIC RECORDING 

mperatures, d-c or a-c voltages or currents. ELECTROACOUSTICS « ULTRASONICS « INDUSTRIAL & RESEARCH INSTRUMENTS 
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res : Air cooled, 32 KVA, single-phase, 
Air cooled, 3 KVA, single-phase, é primary voltage 220, secondary 
115 to 2/3 volts. ; voltage 110 to 300 in 10-volt steps. 


SPEAR EEE NR 


: Askarel cooled, subway type, 500 
Air cooled, 25 KVA, 3-phase, 2400 KVA, 3-phase, 12480 to 216Y/125 
to 480 volts. wolts 


1000 KVA, a 3000 KVA, 3-ph 

Phase, 26,000 delta t 
3-phase, 66,000 2500/4330Y volts. Primary ere 
volts primary to 2400/4160Y volts tapped for 13,000 volt autotrans- 


secondary with special accessories. former connection 
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bers. Available from: Order Dept., 


Sources of 


ELECTRIC 
ENERGY 


Sources of Electric Energy (AL 
Special Publication 5-42) comprises 
reprints of papers presented at three 
conferences on energy sources hel 
at national general meetings of th 
AIEE and sponsored by the Bas 
Sciences Subcommittee on Energy 
Sources. 


In order to provide infecnaee con- 
cerning aspects relating tothe gener- 
ation of electric energy which are 
not generally known o engineers, 
several papers includéd in this series 
deal with matters relating to animal 
electricity and with methods of ge 
erating electric energy which ar 
unusual when compared with thi 
conventional methods used in th 
power industry. Some of the latter 
methods make use of electrostati 
piezoelectricity, magnetostriction, 
and thermoelectricity. 


Price: $1.50; $0.75 to AIEE mem- 


AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS 
33 West 39th Street 

New York 18, .N. Y. 


LIGHTNING 

REFERENCE 
BIBLIOGRAPHY 
1936-1949 


Prepared by the AIEE Light- 
ning and Insulator Subcom- 
mittee, this bibliography, S-37, 
contains 754 separate ref- 
erences on lightning and re- 
lated topics published from 
January 1, 1936, to December 
31, 1949, in most of the better 
known English, French, and 
German journals on electri- a 
cal engineering or ae 


For easy reference, there is 
a Subject Section, subdivided 
into 18 classifications, and an 
AuthorSection, whichcontains 
a list of about 550 authors. | 
Price: $0.70 ($0.35 to ATEE | 
members). 


Available from the Order 
Department, AMERICAN IN- 


STITUTE OF ELECTRICAL | 
ENGINEERS, 33 West 39th 
Street, New York, N. Y. 


| 
| 
| 
] 
| 
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_ REASONS WHY POWER MEN PREFER 


VICTOR suspension insutators 


IV CONTROLLED FORMING plus smooth, hard 
glaze give unsurpassed self-cleaning charac- 
teristics. Maintenance costs are reduced, es- 
pecially in contaminated areas. 


ALL METAL PARTS 
are hot-dipped gal- 
vanized to asspre 
maximum resistance 
to weathering and 
corrosion. 


SPECIAL “CUSHION” 
COATINGS at all 
joining surfaces 
eliminate problems 
caused by thermal 
variations and me- 

chanical shock. 


VJ CONTROLLED TEST- 
ING and PROCESSING 
of cement provide high 
bond strength at all 
assembly joints. 


RUGGED, THICK 


CORRUGATIONS 

HEAVY OUTER EDGE and smooth, round- 

of porcelain provides Salat eas: scive 
me eee maximum resist- VICTOR NO. 900 SUSPENSION INSULATOR 
eters: ance to mechanical For complete engineering data on this and other 
impact. sizes and types of suspension units, write today 


for Bulletin No. 4. 


Features like these are just an indication of the vast amount of research and engineer- 
ing which go into the design and manufacture of Victor Suspension Insulators. No 
wonder power men prefer Victor Suspension Units. 


VICTOR INSULATORS, INC. victor, N. y. 
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(Photo courtesy City of Seattle) 


Another Way to Skin a Cat... 


This spar arm carries 165-kv that made them practical. 


transmission line to make room Alcoa’s storehouse of knowl- 


for 230-ky line in ruggedterrain edge and 63 years’ experience 
--. both Alcoa ACSR. Where ter- with aluminum and electricity is 
rain is difficult, there are usually 


- : J. your assurance that you’re deal- 

several ways to skin a cat” and —_— ing with those who can best help 
easy-to-handle, lightweight —_ you solve your transmission line 
Alcoa ACSR often proves the conductor problems. 
easiest—and the best. 


Although the rearmament 
Alcoa made the first ACSR program prevents unrestricted 
(Aluminum Cable Steel Rein- use of aluminum, we are read 


forced) ...did the research that to help you with the planning 


made mile-long spans possible, required for power transmis- 
developed installation methods _ sion projects. 


TECHNICAL HELP—NO OBLIGATION 


Write for help, advice or technical literature. Address: ALUMINUM 
Company OF America, 2102F Gulf Blidg., Pittsburgh 19, Pennsylvania. 


Se Pics att tt ol iti Bet 
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Railroad signal and communication engineers 
require dependability above all other things in 
the equipment which they buy. When it comes 
to signal cables, which are the vital connecting 
links between control machines and signals, they 
have a serious problem. If the cables are installed 
in the air they are subject to cinders, sparks, 
heat, sunlight, sleet and rain. If they are install- 
ed underground, the cables must be able to with- 
stand long-time exposure to water, soil acids and 
alkalies, vibration from passing trains, and the 
cutting effect of sharp cinders. This is brutal 
punishment. So how to get trains through safely 


and on time —not once, but every day in the 
year? 

Fortunately, long before the railroads started 
to use CTC (Centralized Traffic Control) Simplex 
had developed an insulation that had excellent 
properties for signal and communication work 
and was dependably water resistant. That solved 
the moisture problem. The use of especially com- 
pounded neoprene as a jacketing material solved 
the problem of how to combat sparks, heat, sun- 
light, rain, etc. This is a typical example of how 
Simplex Research helps to provide just the right 
cable for the job. 


Simplex Research gave you the first heavy duty, rubber-jacketed 
portable cord or cable; the first low water absorption insulation; the 
first rubber-jacketed underground cable. Besides these notable “Firsts” 
Simplex Research has provided a great many developments which have 


enriched the art of cable design. 


SIMPLEX-ANHYDREX IS.A-PRODUCT.OF SIMPLEX.RESEARCH 
te ge ee ee eee eee nee en nnn —————ee OO OE EE EEE — 
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Professional Engineering Direciory 


Professional Engineering Directory Card 1” x 2” 6 times $60.00 12 times $90.00 


Consult 
Z. H. POLACHEK 


Registered Patent Attorney 


1234 BROADWAY 
(At 31st St.) 


New York 1, N. Y. 


JACKSON & MORELAND 
ENGINEERS & CONSULTANTS 


Design and Supervision of Construction 
Reports—Examinations—Appraisals 
Machine Design—Technical Publications 


BOSTON NEW YORK 


BLACK & VEATCH 
Consulting Engineers 


Electricity —W ater—Sewage—Industry 
Reports, Design, Supervision of Construction, 
Investigations, Valuation and Rates 


4706 Broadway 


Kansas City 2, Missouri 


DeLEUW, CATHER & COMPANY _ 


Consulting Engineers 


SANDERSON & PORTER 


ERVIN JOHNSON, E.E. 


Transportation, Public Transit and ENGINEERS 
s Industrial Problems REGISTERED PATENT ATTORNEY AND 
i = i : CONSTRUCTORS 
Sr eee cae a Pian ae 409 13th Street Oakland 12, Calif. | 
Tunnels—Power Plants—Municipal Works NEW YORK CHICAGO 7 


Telephone: GLencourt 2-1900 SAN FRANCISCO LOS ANGELES 


150 N. Wacker Drive, CHICAGO 6, ILL. 
79 McAllister St., SAN FRANCISCO 2, Calif. 


PATENTS DESIGNS 
NOVELTY SEARCHES COPYRIGHTS 


PETER FRIES, JR., E.E. 


Registered Patent Attorney 


110 East 42nd Street 
New York 17, N. Y. 


Telephone: MUrray Hill 6-4476 


N.‘A. LOUGEE & COMPANY 
Engineers and Consultants 


REPORTS—APPRAISALS—DEPRECIATION 
STUDIES—RATE CASES—BUSINESS 
AND ECONOMIC STUDIES 


120 Broadway New York 


SARGENT & LUNDY 
ENGINEERS 
140 South Dearborn Street - 
CHICAGO, ILLINOIS 


EDWARD A. GAUGLER, PH.D. 
Consulting Physicist 
Magnetic Materials and their 
Applications 


417 SHEPHERD STREET 
CHEVY CHASE, MD. 


Telephone: Wisconsin 6106 


SKINNER, HARLAN AND IRELAND 
INCORPORATED 


q CONSULT THIS DIRECTORY 


Specializing in Magnetic Materials 
and Their Application 
Office and Laboratory Indianapolis 7, Ind. 


when in need of specialized 


engineering advice. 


Speed Control and Servomechanisms 


LEV A. TROFIMOV MM. S. CASE 


Consulting Engineer & Physicist 


MEASUREMENTS CORP. 


RESEARCH & MANUFACTURING 
ENGINEERS 


STANLEY B. HARE 


Consulting Engineer 


Harry W. Houck Jerry B. Minter 
John M. van Beuren 


Electrical Design 
Commercial and Special Motors 


3479 Union Pacific Avenue 
LOS ANGELES 23, CALIF. 


Twenty-five years’ experience in the 
speed control field. Specifications, 
reports, research, development, design. 


Specialists in the Design and 
Development of Electronic Test Instruments 


BOONTON, N. J. 


Hanna Road Phane: 
Willoughby, Ohio Willoughby 2-2931 


Roland R. Miner Lottye E. Miner 
Member AIEE Associate AIEE 


MINER & MINER 


Consulting Engineers 


Design-Development-Investigations 
Valuations 
Experience in the utility, industrial and 
appliance manufacturing fields 
1825 Tenth Avenue Greeley, Colorado 


LEE P. HYNES 


Consulting Engineer 


DESIGN - INVESTIGATIONS = REPORTS 
INDUSTRIAL PROCESS EQUIPMENT 
AUTOMATIC OPERATIONS = SAFETY 

HEAT TRANSFER = PRESSURE VESSELS 

ELECTRIC HEATING = CONTROLS 


36 West End Avenue Haddonfield, N. J. 


THE J. G. WHITE 
Engineering Corporation 


Design—Construction—Reports— 
Appraisals 
80 BROAD STREET 


NEW YORK 


INTERNATIONAL : 
ENGINEERING COMPANY, INC. Eugene Mittelmann, E.E., Ph.D. q PROFESSIONAL SERVICES 
Engineers Consulting Engineer & Physicist 


Investigations — Reports — Design 
Procurement — Field Engineering 
Domestic and Foreign 


74 New Montgomery St., 
San Francisco 5, Calif. 


High Frequency Heating-Industrial Electronics 
Applied Physics and Mathematics 


549 W. Washington Blvd. Chicago 6, Ill. 
State 2-8021 


over a wide range are offered 


_ by these cardholders 
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CENTRALAB ANNOUNCES N kW 


MINIATURE ROTARY SWITCHES 


FOR COMMERCIAL OR MILITARY HIGH FREQUENCY APPLICATIONS 


New Centralab Series 20 miniature single section phenolic Here’s standard Series 20 miniature switch — phenolic section 
switch. Available in 2 to 12 positions, with stops or continuous with off-on switch added. Standard shaft. Also available with 
multiple sections, 


rotation — and with multiple sections. 


Combination Series 30 miniature switch unit with dual concen- Same combination Series 30 unit as shown at left, except that 
tric shaft — permits independent operation of miniature switch Model 2 variable resistor is mounted at rear of miniature switch. 
and Model 2 variable resistor including off-on switch. Position of resistor provides convenience of wiring. 


Now Centralab offers a completely new, unusually small rotary switch 
line — available in a variety of multi-pole, multi-position, multi-section 
models and in combination with line switches and variable resistors. 


June 1951 


New Centralab Miniature Switches Give 
You Top-Quality Construction & Performance 


Centralab’s new Series 20 and Series 30 miniature 
switches have every quality-construction feature — 
every quality-performance characteristic as furnished 
with the larger standard size Centralab switch line. 
Clips and contacts are spring brass with heavy silver 
plating or coin silver. All other metal parts are ade- 
quately plated to meet commercial or government 
specifications. Sections are finest quality laminated 
phenolic or Centralab’s own grade L-5 Steatite. Switch- 
es have positive 30° indexing, available in 2 to 12 
positions with stops or 12 position continuous rotation 
— and with multiple sections. Also available with plain 
or dual concentric shafts, attached line switches, 
and in combination with famous Model 2 Radiohm 
variable resistors mounted either at front or rear of 
switch according to wiring need. 


Ir your prime consideration in design of 
modern electronic gear is small size, smooth 
performance and long life, get the full facts on 
these entirely new Series 20 and Series 30 
miniature rotary switches by Centralab. You'll 
find they’re not only among the world’s small- 
est — but the most reliable too. Because of 
their compact size, plus the availability of extra 
sections and index assemblies — they give 
electronic engineers broad design latitude. 
Write Centralab Div., Globe Union 932 East 
Keefe Avenue, Milwaukee 1, Wisconsin. 


® 
Division of G LOBE-UNION INC. Milwaukee, Wis, 
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Just 
Published < 


SYNCHRONOUS 
MACHINES 


Theory and Performance 


By CHARLES CONCORDIA, 
General Electric Company 


A New and Unified Presentation 


Develops the fundamental circuit theory 
of the transient performance of synchro- 
nous machines. The general equations 
developed are applied to the calcula- 
tion of: 
¢ Transient Short-Circuit Cur- 
rents and Torques. 


* Steady-State Power, Torque, 
and Current both in Synchro- 
nous Operation and During 
Starting. 

* Voltage Disturbances Occa- 
sioned by Sudden Application 
of Load. 


The author surveys the past 25 years’ 
technical literature... adding revised 
derivations, results, and mew material on 
the double-line-to-ground short circuit 
... the unidirectional components of 
short-circuit torque . .. the starting 
torque... voltage dip. 


ENGINEERS 


Design & Development 


Engineers with experience in 
design and development of dis- 
tribution cutouts, lightning ar- 


resters, indoor and outdoor 


switches and related equipment: 
This may be your golden oppor- 
tunity to relocate at a consider- 
able advantage to yourself. 


You may be one of the men for 
whom a leading manufacturer 
of distribution equipment, lo- 
cated in the midwest, is looking. 
Ifso... 


You will be offered a permanent 
assignment in pleasant sur- 
roundings. 


You will be remunerated in 
keeping with your experience 
and ability. 


You will enjoy opportunities 
limited only by your compe- 
tence. 


Your reply will be held in eon- 
| fidence. 


Write today: Box 165, Electri- 
cal Engineering. 500 Fifth Ave- 
nue, New York 18, N. Y. 


Is Interesting Work ' 
Important to You 

Do you want a r 

Promising Future 


THEN: Let us tell you about 
America’s Newest, Youngest, 
most promising industry: 


HELICOPTERS 


There are a few excellent opportuni- 
ties open with a pioneer helicopter 
company. We want the best for a 
long-range program. A program that 
looks to the future. Space limitation 


does not permit full particulars, but if 1 


you are an 


Aeronautical or Mechanical 
ENGINEER OR DESIGNER 


who wants to see where he is going 
we would like to tell you of the ex- 
cellent opportunities in America's 


newest industry. Submit qualifications — 


and experience to: 
Manager, Engineering Personnel 


Helicopter Division 


BELL 


Aircraft Corporation | 
Buffalo 5,N. ¥. | 


P. O. Box 1 


a 


i 


CONTENTS 
1. Physical Description of a Synchro- 
nous Machine 
2. Mathematical Description of a 
Synchronous Machine 
3. Steady-State, Balanced, Synchro- 
nous Operation 
4. Three-Phase Short-Circuit Current 
5. Single-Phase Short-Circuit Current 
6. Double -Line-to-Ground Short 
Circuit and Sequential Faults 
z eco cient Torques 
S ing Torque ~ 
a as Development Engineers 
May 1951 224 pages Illus. $5.50 


for Electronic Aircraft Armament 


ELECTRONIC INSTRUMENTATION ¢ ELECTRONIC COMPONENTS « 
SERVOMECHANISMS ¢ RADAR e ELECTRONIC PACKAGING ¢ 
CALIBRATION AND TESTING ENGINEERS FOR PRODUCTION 


Job openings range from recent graduates to Engineers with years of experience. 


Attractive employee benefits i i i i i 
aut Seta y' enefits include group insurance and pension plans; paid holidays 


Send complete résume, listing salary requirements and availability to: 


Send coupon today for Free 10-day examination, 


DE See COUPON; =|: 
| JOHN WILEY & SONS, INC., Dept. (EE-651) | 
440 Fourth Ave., New York 16, N. Y. | 


| On 10 days’ nd ae send Concordia’s | 
Synchronous Machi 


: ines. 
will remit $5.50 plus postage or return 

| book postpaid. (Offer not valid outside | 
U. S.) | 


| oe : | : | : | | 7 : 7 | | 7 | : | | 3 7 } 7 ; : | : a | Technical Employment Supervisor, Station 483-C 
| ROY 6 o.s ac: Mails Geisler sie ne ATs | 
| iy Zon. Sate... | THE EMERSON ELECTRIC MFG. CO. 


8100 Florissant + St. Louis 21, Missouri 
LEADERS IN THE ELECTRICAL INDUSTRY SINCE 1890 


| “SAVE POSTAGE—We pay postage if you enclose | 
; $5.50 nw, Money back on same return privilege. | 


Electrical - Electronics 
Electro-Mechanism 
Engineers 


|WANTED AT ONCE 


for 


LONG-RANGE MILITARY 
AIRCRAFT PROGRAM 


by 


NORTH AMERICAN 
AVIATION, INC. 
LOS ANGELES, CALIFORNIA 
. COLUMBUS, OHIO 


Unusual opportunities for engi- 
neers qualified in the fields of: 


System Design 


Circuit Development 


Equipment Specification 
Requirements 


Radar Installation Design 
Computers 
Electrical Load Analyses 


Communication Equip- 
ment 


Actuators 


A.C. and D.C. Power Sys- 
tems 


Instrument Installation 
Design 


Also Openings for Recent College 
and Technological Graduates 


Long-range military program 
offers fine chance for establish- 
ing career in aircraft while aid- 
ing defense effort. Transporta- 
tion to California and estab- 
lished training time paid. Sal- 
aries commensurate with ex- 
perience and ability. 


Please include summary of edu- 
cation and experience in reply to: 
Engineering Personnel Office 
Section 6 


NORTH AMERICAN 
AVIATION, INC. 
Los Angeles International Airport 


Los Angeles 45, Calif. 
or Columbus 16, Ohio 
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Engineering 
Societies 


New York 


Chicago 
8 West 40th St. 


g 
84 East Randolph St. 


In applying for positions advertised by the Service, the 
applicant agrees, if actually placed in a position through 
the Service as a result of these advertisements, to pay a 
placement fee in accordance with the rates as listed by the 
Service. These rates have been established in order to 
maintain an efficient, non-profit personnel service and are 
available upon request. This also applies to registrants 
whose notices are placed in these columns. 


Positions Available 


ELECTRICAL ENGINEER, B.S. degree or equivalent 
with about five years’ experience in either utility or 
power industrial field, oil refining or chemical industry, 
to select, purchase and lay out electrical equipment 
ranging from 6600 V distribution through 110 V 
lighting, including chy cdlom preg. equipment for 
hazardous conditions. Salary, $4500-$5400 a year. 
Location, northern New Jersey. Y-5257. ; 


POWER PLANT EXECUTIVE ENGINEER, 35-40, 
to operate a 600# 750° boiler plant with 5000 Kw 
back pressure turbo generator. Must have had similar 
experience, and be familiar with the installation and 
operation of such equipment and its auxiliaries for paper 
industry. Location, New York, N. Y. Y-5310. 


RATE ENGINEER, electrical or mechanical graduate. 

Must have had electrical gas operating experience on 

rate design and rate making. Must have good ground- 

ing in public utility economics and have some knowledge 

of finance, economics and taxes, to go in different rate 

makings. Prefer some one who has had about ten 
ears’ experience. Some traveling. Salary open. 
ocation, New York, N. Y. Y-5328. 


ELECTRICAL ENGINEER, graduate, specializing 
in electrical engineering, with four to seven years’ 
experience, with knowledge of electrical engineering 
design and development of new electrical devices of a 
complicated nature. Will be responsible for design 
of electrical components, prepare cost estimates and 
material specifications for a given project. Collect all 
necessary data and make calculations for assigned 
projects. Check sources and availability of materials 
required. Responsible for layout and detailed drawings 
required; check performance of pilot models; render 
progress reports; prepare patent disclosures and super- 
vise draftsmen and technicians. Salary open. Loca- 
tion, Connecticut. Y-5331. 


ELECTRONIC INSPECTOR with training in elec- 
trical and electronic circuits and two to four years’ 
experience, with three years of test, alignment, and 
electronic trouble shooting. Will be responsible for 
aligning and calibrating electronic equipment, and 
performing™ final functional inspection of electronic 
equipment; trouble shoot and correct electronic faults; 
inspect electronic units for mechanical conformance and 
check component circuit values; make own set ups and 
organize test procedures of simple and complex elec- 
tronic equipment from schematic diagrams and engi- 
neering test specifications. Maintain complete records, 
perform other test and inspection duties. Train and 
supervise less experienced inspectors when required. 
Salary open. Location, Connecticut. Y-5333. 


EXECUTIVE VICE-PRESIDENT, preferably elec- 
trical graduate, with experience in both engineering 
and manufacture of electronics and electronics equip- 
ment. Must be good executive and administrator. 


» 


REGISTER NOW WITH YOUR 
PERSONNEL SERVICE! 


The Engineering Societies Personnel 
Service, Inc. has many outstanding 
engineering positions available 
throughout the United States and for 
foreign service. 


Make your availability known—never 
before in the history of the Service 
has there been greater opportunities 
for members of the engineering pro- 
fession. 


Now is the time to find the opportunity 
you have been waiting for—but the 
initial step must be taken by you. 


Alfred H. Meyer 
Executive Director 
Engineering Societies Personnel 
Service, Inc. 


Personnel Service, Inc. 


San Francisco 
57 Post St. 


Detroit 
100 Farnsworth Ave. 


Apply by letter addressed to the key number and 
mail to New York Office. When making application 
for a position include six cents in stamps for forwarding 
application to the employer and for returning when 
necessary. A weekly bulletin of engineering positions 
open is available to members of the co-operating societies 
at a subscription rate of $3.50 per quarter or $12 per 
annum, payable in advance. 


Salary, to $25,000 a year. Location, western Pennsyl- 
vania. Y-5339. 


INSTRUCTOR in electrical engineering with at least 
an M.S. degree, to teach courses leading to a B.S. in 
electrical engineering. Salary, about $5000 a year 
dependent upon experience. Possibility of additional 
compensation during summer for research. Location, 
Alaska. Y-5341. 


ENGINEERS, (a) Electronic Engineers with two or 
more years’ experience in television design or closely 
related field, for design work on television receivers. 
(b) Electronic Engineers with specific experience on 
television receivers desirable, but experience in elec- 
tronic circuit development in other fields acceptable, 
for development work on television receivers. alaries 
ove a year. Location, upstate New York, 
-5370. 


TECHNICAL WRITERS, electrical or mechanical 

graduates, preferably with some background and 

experience in heavy machinery or electronics. Will also 

consider recent graduates, with some writing experience, 

who are interested in editorial work. Salaries: $6000— 

$8000 a year for men with experience; $3600-$4000 a 
ear for recent graduates. Locations, Washington, 
. C., or Detroit, Michigan, Y-5372. 


ENGINEERS. (a) Operating Superintendent, elec- 
trical graduate, with at least ten years’ utility experience 
covering hydro, steam and diesel generation, to supervise 
administration and operation of electrical and 
mechanical plant improvements and general main- 
tenance. (b) Distribution Engineer, electrical graduate 
with at least five years’ utility experience, to be re- 
sponsible for planning, budget, and general power 
distribution studies. apie open. Location, South 
America. Y-5381. 


PERSONNEL DIRECTOR for an electric utility; 
public utility background helpful. a employs 
about 1000 people. Salary, $7500—-$9000 a year. 
Location, western United States. Y-5390. 


PROJECT ENGINEER, electrical or mechanical, 
with ten to twelve years’ experience designing special 
production machinery, conveying systems, and metal 
working equipment. Knowledge of machine sho} 
operations; knowledge of hydraulics helpful. Will 
design and develop special production equipment 
projects. Salary, $5500-$7000 a year. Location, 
northern Chicago suburb. R-7502. 


DESIGN-DEVELOPMENT ENGINEER, electrical, 
with four to fifteen years’ experience in research de- 
velopment of electrical components involving the use of 
copper windings and iron; knowledge of magnetic 
circuits and development helpful, particularly of small 
ower transformers for electronics use. Salary open. 
ocation, Chicago, Illinois. R-7543(a). 


PROJECT ENGINEER (electronics) with sufficient 
experience to carry out development and manuiscparing 
projects with minimum of supervision on radio an 
television sets under the direction of a director of 
engineering; knowledge of domestic and commercial 
ractices. For a radio and television manufacturer. 
alary, $7500-$10,000 a year. Location, Chicago, 
Illinois. R-7636(b). 


Men Available 


ELEC ENGR, BSEE M.I.T.; age 30; G.E. Test 
Course and 21/2 yrs motor des and indus application; 
desires relocation in South. Also BS in Chemistry. 
E-624. ‘ 


ELEC ENGR, B.Sc.; .age 36; engrg apprenticeship 
and 3 yrs constr with elec mfg company; 10 yrs elec 
engr for large indus companies; desires change to 
similar or suitable post. Locate anywhere; available 
short notice. E-625. 


ELEC ENGR, exec type; age 36; licensed N.Y.S.; 
now engaged sales heavy elec indus pwr plant apparatus; 
seeks managerial pos, sales or mfg indus eqpt. All 
locations acceptable, will travel. E-626. 


ELEC ENGR; 38, married; New Jersey and Penna 
license; well versed in consulting and application all 

hases of generating stations, trans and distr systems. 
Pesires pos with util or process industry; prefers dry 
climate area. E-627. 
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ENGINEERS 
DESIGNERS 
PHYSICISTS 


Ihe Aerophysics and Atomic 

Energy Research Division of 
North American Aviation, Inc. 
offers unparalleled opportunities 
in research development, De- 
sign and Test Work in the fields 
of Long Range Guided Missiles, 
Automatic Flight and Fire Con- 
trol Equipment, and Atomic 
Energy. Well-qualified engi- 
neers, designers, and physicists 
urgently needed for all phases of 
work in 


Supersonic Aerodynamics 
Preliminary Design and Analysis 
Electronics 
Electro-Mechanical Devices 
Instrumentation 
Flight Test 
Navigation Equipment 
Controls 
Servos 
Rocket Motors 
Propulsion Systems 
Thermodynamics 
Airframe Design 
Stress and Structures 


Salaries commensurate with 
training and experience. 


Excellent working conditions. 
Finest facilities and equipment. 


Outstanding opportunities for 
advancement. 


WRITE NOW — Give complete 
résumé of education, back- 
ground and experience. 


PERSONNEL DEPARTMENT 
Aerophysics and Atomic Energy 
Research Division 


NORTH AMERICAN 
AVIATION, INC. 


12214 LAKEWOOD BLVD. 
DOWNEY, CALIFORNIA 


“ Employment Mgr., Dept. 2, Plant B-1 


To Aircraft Electrical and 
Radio Designers: 


‘There's $a great future waiting 

you in California—in Lockhe 
range production program. 
For Lockheed is building pl: 
fense, planes for the world’s 
backlog of orders is vast—for both m 


aircraft and the world- famed Constellation. 2 


Lockheed offers you increase 
rates; fine, modern working condi 
chance to live in Southern Califor 
an area where living conditions are bey 
compare. Generous travel allowances are. 
also offered. 

Requirements are: design experience in 


aircraft electrical installation, circuit. lay- ae 
out and systems analysis; experience in 


radio and radar circuit design an 
tions, as applied to aircraft. 


Send today for free, illustr ra 


Southern California. Use ow ae 
pean noe : 


- ~ 
- 
aa 


nA MR. M. V, MATTSON ao 


LOCKHEED 


AIRCRAFT CORPORATION 
BURBANK, CALIFORNIA 
Please send me your free illustrated book- | 


let describing the better tiving and work- 
ing conditions at Lockheed. 


Wiy Name 


My Street Address 


tral brochure 
__ describing life and work at Lockheed in 


AC SPARK PLUG 
DIVISION 


of 


GENERAL MOTORS 
CORPORATION 


Positions now available for | 
highest caliber personnel in |} 
the field of airborne auto- 
matic electro - mechanical 
control equipment. 


MECHANICAL DESIGN 
ENGINEERS 


ELECTRONIC 
ENGINEERS 


a 
JUNIOR ENGINEERS 


SERVO ENGINEERS 


New and expanding di- |} 
vision of an established firm 
with 20 years of successful 
experience in the _ instru- 
ment field. Work involved 
deals with the manufacture 
and development of highly 
complex equipment of the 
most advanced type. 


Write or apply to: 
AC SPARK PLUG DIVISION | 


GENERAL MOTORS 
CORPORATION 


1925 E. Kenilworth Place 
Milwaukee 2, Wisconsin 


Physicists 


Engineers 


The Boeing Airplane Company has exceptional openings 
at Seattle for outstanding physicists and engineers. Are 
you one of them? 


The work is in Boeing’s expanded Physical Research 
Unit — on some of the nation’s most vital projects: 
research and development on 


Weapon systems 

Electronic and microwave circuits 

Flush antennas 

Servomechanisms and computers 

Radar systems and components 

Instruments and gyros 
These positions offer challenging work and a stimu- 
lating professional environment. You'll live in the Pacific 


Northwest with its equable climate and unparalleled 
recreational possibilities. 


Opportunity for advancement is essentially un- 
limited in the rapidly expanding fields of guided missiles, 
airplane control and industrial machine and _ process 
control. Salaries are based on semi-annual performance 
review. | 


To qualify, you must already have demonstrated out- 
standing experimental or analytical abilities. Or you must 
have recently received the M.S. or Ph.D. degree in 
Electrical Engineering, Physics, or Applied Mathematics. 


If you qualify, write today for application. . 
JOHN C. SANDERS, Staff Engineer—Personnel 
Boeing Airplane Company 
SPECIAL OPENINGS 7759 East Marginal Way, Seattle 14, Washington 
FOR ENGINEERS 


Boeing’s Engineering Division needs experienced and junior 
engineers in the following and allied engineering fields: 
mechanical, aeronautical, electrical, electronic, civil, acoustical, 


and structural. Write today for application forms to address 
indicated above, right. BOE MANW (rZ 
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CLASSIFIED ADVERTISING 


For help and situations wanted, $1.00 per line. 
Sale and purchase of used machinery, etc., 
$1.50 per line, minimum 5 lines, maximum 30 
lines, not available to dealers. Address orders 
to: Classified Section, ELECTRICAL ENGI- 
NEERING, 500 Fifth Avenue, New York 18, N. Y. 


Positions Wanted 


ELECTRICAL ENGINEER, Age 47, 23 years railway 
experience in Automatic Train Control, Diesels, Power 
Equipment, Designing. Member AIEE. Now earn 
$6100. Address: Box 145, ELECTRICAL ENGI- 
NEERING, 500 Fifth Avenue, New York 18, N. Y. 


INSTRUCTOR OF ELECTRICAL ENGINEERING, 
B.E.E. University of Louisville; M.E.E., Cornell Uni- 
versity; Doctoral work, Cornell University, Presently 
teaching electric circuits and machinery, has taught 
servomechanisms and advanced motor control. Position 
desired is professorial rank in distinctive and growing 
institution with demonstrated record of planned develop- 
ment of faculty members of merit. Initial salary is 
immaterial in this case. Special field of interest and 
research is magnetic amplifiers and non-linear circuit 
analysis. Position in affiliated Research Institute 
would be considered if adjunct teaching opportuni 

is afforded. Address: Box 153, ELECTRICA 

ENGINEERING, 500 Fifth Ave., New York 18, N. Y. 


SALES ENGINEER with 15 years’ experience in power, 
chemical, and industry interested in opportunity and 
challenge demanding top ability. Offers proved record 
of performance and technical ability. eineeest Box 
154, ELECTRICAL ENGINEERING, 500 Fifth 
Avenue, New York 18, N. Y. 


ELECTRICAL ENGINEER, Ph.D., Age 43. 22 
years’ experience in research and development of 
electrical and electronic equipment including industrial 
research in electronics and gaseous conduction; uni- 
versity research and teaching of electrical engineering; 
and ten years’ government ordnance development. 
Listed in American “Men of Science” and “Who’s 
Who” in engineering. Now employed as technical 
head responsible for supervision and administration of 
$20 million research and development program. Desire 
executive position in university or private research 


Engineers 


62A 


Fabricators 


1000 South Fremont Avenue 


laboratory. Address: Box 155, ELECTRICAL ENGI- 


_ NEERING, 500 Fifth Avenue, New York 18, Ni, ¥. 


ELECTRICAL ENGINEER, with over 30 years’ ex- 
ecutive experience in commercial buildings and indus- 
trial plants, including major shipyards, also develop- 
ment and engineering writing experience, wishes to 
utilize skill plus electronic patents in life-time position 
with firm located in Western States. Address: Box 
156, ELECTRICAL ENGINEERING, 500 Fifth 
Avenue, New York 18, N. Y. 


ELECTRICAL ENGINEER, B.S. in E.E. University 
of Wisconsin, 1949. Age 24, married, draft exempt, 
studying for M.S.E.E., 11/2 years with large oil company 
in instrumentation and geophysics. Desire position in 
design of distribution, transmission, or generation of 
electrical power. Midwest, Southwest or West pre- 
ferred. Address: Box 157, ELECTRICAL ENGI- 
NEERING, 500 Fifth Avenue, New York 18, N. Y. 


Small group of ELECTRICAL ENGINEERING 
PROFESSORS available for technical report writing. 
Have industrial and laboratory experience, and famil- 
iarity with service specifications. Address: Box 158, 
ELECTRICAL ENGINEERING, 500 Fifth Avenue, 
New York 18, N. Y. 


ELECTRICAL ENGINEER, BSEE, age 34, desires 
position as chief engineer in small progressive organiza- 
tion manufacturing small electromechanical devices, 
semi-conductor elements, or instruments. Experience 
with large electrical manufacturer for 10 years. Con- 
siderable technical training since graduation in metal- 
lurgy, electronics, nuclear physics, and also business 
training. Registered professional engineer. Address: 
Box 159, ELECTRICAL ENGINEERING, 500 Fifth 
Avenue, New York 18, N. Y. 


Positions Open 


TEACHING and RESEARCH ASSISTANTSHIPS 
are available for 1951-52 at a University in the South- 
east. The stipend is $1320.00 for one-third time work 
for one year starting September 1, 1951, with remission 
of tuition. Assistants may obtain the Master of Science 
Degree in Electrical Engineering in one year. Address: 
Box 1035, ELECTRICAL ENGINEERING, 500 Fifth 
Avenue, New York 18, N. Y. 


ELECTRONICS ENGINEERS, Electromechanical 
Engineers, Engineering Physicists. Several senior and 
junior engineers are required immediately for the direc- 
tion of important research and design work by an 
organization specializing in all types of advanced arma- 
ment development. This is an opportunity to partici- 
ek in the growth of an exceptionally active grcup in a 

ighly technical field. Direct inquiries to: R. W. 


Career Opportunity 


ELECTRICAL ENGINEERS 


Our expanding workload presents many opportunities for ad- 
vancement. Positions are open in the engineering and design of 
complete oil-refineries and chemical plants. 


Prefer men with a degree in Electrical Engineering. Experience 
should be in sub-station design, underground distribution, use of 
explosion-proof fittings, and industrial wiring. 


Please send detailed summary of education, experience, and 
personal history to our Personnel Department. Also include a 
recent photo. All replies will be kept confidential. 


C F BRAUN & CO 


Constructors 
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Southern California 


Alhambra, California 


A, 


Sanford, Aircraft Armaments, Inc., 4415 Reistertows 
Road, Baltimore 15, Maryland. : 


EXPERIENCED ELECTRICAL DESIGN EN 

NEER required by an established consulting orga 
tion for work on continuing program of plant expan: 
for foreign public utility companies. Location Ny 
York, with some foreign travel. Preferred age n 
40. Permanent position. Attractive salary. Splen 
opportunity for right man. Write, giving age a 
fullest details of qualifications and experience to: 
160, ELECTRICAL ENGINEERING, 500 Fifé 
Avenue, New York 18, N. Y. 


WANTED—Sales Engineers and Service Engineers 
large industrial instrument manufacturer. P 
Mechanical, Electrical cr Chemical Engineers y 
few years industrial experience. Fine opportunity 
young engineers with sales or service aptitudes to con. 
nect with one of the fastest growing industrial instrument 
cempanies in the United States. Locations: Sea 
Washington; Detroit, Michigan; Charlotte, N. 
and New York City. In addition, we desire services 
two Sales Engineers who will be located at our factory 
for an indefinite period of time but will eventually be 
laced in large industrial cities of the United States, 
or the latter positions we desire men who will be 
flexible in regard to transfers. Exceptional oppo: 
tunities for these two men who are willing to be sent 
assignment anywhere in the United States. Address: 
Box 161, ELECTRICAL ENGINEERING, 500 
Avenue, New York 18, N. Y. 


ENGINEERS to train as Industrial Consultants in 
Fire Protection Engineering. Full pay while training for 
Field Engineering with top U. < and Caradian 2 
dustry. Permanent. Sen ersonal résumé to: B 

162, ELECTRICAL ENGINEERING, 500 Fifth 
Avenue, New York 18, N. Y. ° 


GRADUATE ELECTRICAL ENGINEER experienced 
in distribution system planning and betterment work 
required by an established consulting organization 
located in New York. Some foreign travel. Preferred 
age 37-45. Permanent ition. Attractive salary. 
Splendid opportunities. Reply, stating age and full 
details of See ae and experience, to: Box 163. 
ELECTRICAL ENGINEERING, 500 Fifth Avenue, 
New York 18, N. Y. : 


OLD ESTABLISHED MANUFACTURING 
CONCERN is interested in acquiring facilities | 
and technical personnel in the Selenium Rectifier | 
field. Address: Box 152, ELECTRICAL ENGI |} 
NEERING, 400 Fifth Avenue, New York 18, N.Y. 


Consultants 


ELECTRICAL ... MECHANICAL 
ENGINEERS 


METALLURGISTS, PHYSICISTS and CHEMISTS 


You're on the main line to the top 
when you work at Westinghouse 


UNLIMITED OPPORTUNITIES 


IN DESIGN, RESEARCH, APPLICATION, DEVELOPMENT 


INVESTIGATE 
IMMEDIATELY! 


*Engineers fill 16 of the 29 top executive spots 
in Westinghouse. Hundreds of engineers hold 
high-level staff and supervisory positions. Your 
opportunity to advance is practically unlimited 
at Westinghouse. 

*Right now Westinghouse is building seven 
new plants. These are not temporary jobs. Nearly 
all of the engineers and scientists who joined us 
in World War II are still with us, and in the past 
10 years our total employment has almost doubled. 

*At Westinghouse you will participate in the 
nation’s defense effort. In 1951 a large part of all 
Westinghouse production will be to satisfy the 
nation’s military needs. 


THIS MAY BE YOUR OPPORTUNITY TO 
MOVE AHEAD IN THE CAREER OF YOUR 
CHOICE . . . MANY SUPERVISORY POSTS 
IN NEW PLANTS AND DIVISIONS WILL BE 
FILLED FROM OUR ENGINEERING STAFF! 
INVESTIGATE! 


Minimum Experience Required—2 years... 
but some of these openings call for top-flight 
men with more experience. 


Salaries— Determined individually on the basis 
of the experience and ability of the applicant. 


Location—There are openings for engineers, 
metallurgists, physicists, and chemists at most 
of Westinghouse’s 36 plants. For example: You’ll 
find opportunities to do jet engine work at 
Kansas City, Missouri and South Philadelphia, 
Pa....in Ordnance manufacturing at Sunnyvale, 
California and Sharon, Pa... . on atomic power 
projects in Pittsburgh, Pa. ... in radar and 
electronics at Baltimore; Md... . in aircraft 
equipment and fractional horsepower motors at 
Lima, Ohio . . . and in commercial and airport 
lighting at Cleveland, Ohio . .. and in power 
producing equipment to speed the production 
lines of America. And all of these activities have 
a definite and established peacetime application. 


WESTINGHOUSE OFFERS YOU 
IN ADDITION TO GOOD PAY 


—Help in finding suitable housing 

—Low cost life, sickness and accident insurance 
with hospital and surgical benefits. 

—Modern pension plan 

—Opportunity to acquire Westinghouse stock at 
favorable prices 

—Privilege of buying Westinghouse appliances 
at employe discount 


Investigate Westinghouse today . . . Write Mr. R. P. Meily, 
Westinghouse Electric Corporation, Box 2174 
306 Fourth Ave., Pittsburgh 30, Pa. 
ee a ea a 
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available in: 
@ 3/16-inch 
e 1/4-inch 
e 5/16-inch 


shaft diameters 


This new development, Ford’s latest in 
precision computing mechanisms, 
incorporating Zerol gears, makes for 
higher accuracy, far less friction, with a 
resultant greater life expectancy— 

a differential of fine Ford precision. 


, © LOW FRICTIONS This smooth-running differential 
is unique—its exceptionally low friction is 
the same in either direction. 


@ HIGH ACCURACY: Lost motion does not exceed 
5 minutes of arc on the 1/4-inch and_5/16-inch 
differentials and 7 minutes on the 
3/16-inch differential. 


FORD INSTRUMENT COMPANY 


Division of The Sperry Corporation 
31-10 Thomson Avenue 
Long Island City 1, N.Y. 


for adoption. 


24 Protector Tubes (July 1940) 


NEW fuecision DIFFERENTIAL 


AIEE REPORTS 


These publications are proposals for new standards or test codes, or revisions 

of present publications, which are in the formative stage. They are made 
available, without cost, so that all interested individuals may obtain them for study 
and comment, thereby supplying practical experience in their use before submission 


American Institute of Electrical Engineers — 33 W. 39th St. New York 18 
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PHYSICISTS and 
SENIOR RESEARCH ENGINEERS 


POSITIONS NOW OPEN 


Senior Engineers and Physicists having out- 
standing academic background and experience 
in the fields of: 


® Microwave Techniques 

@ Moving Target Indication 
e@ Servomechanisms 

e Applied Physics e Applied Mathematics 
@ Gyroscopic Equipment © Instrument Design 

© Electronic Subminiaturization 

@ Optical Equipment © Test Equipment 
e Computors e Automatic Production Equipment 
e Pulse Techniques e Electronic Design 
e@ Radar e Flight Test Instrumentation 


© Fire Control 
® Circuit Analysis 
e Autopilot Design 


are offered excellent working conditions and 
opportunities for advancement in our Aero- 
physics Laboratory. Salaries are commensurate 
with ability, experience and background. Send 
information as to age, education, experience 
and work preference to: 


NORTH AMERICAN AVIATION, INC. 
AEROPHYSICS LABORATORY 
BOX NO. L-4 
12214 South Lakewood Boulevard, Downey, Calif. 


16A Electric Control Apparatus for Land Transportation Vehicles (April 1951) 
22A Air Switches, Insulator Units, and Bus Supports (October 1949) 


28A Valve and Expulsion Type Lightning Arresters (February 1950) 
50 Automatic Circuit Reclosers for A-C Distribution Systems (September 1949) 
51 Guiding Principles for Dielectric Tests (September 1949) 


52 Application Guide for Groundin 
cuits and Cases (March 1951) 


502 Test Code for Single-Phase Motors (November 1941) 


g of Instrument Transformer Secondary Cir- 


800 Test Code for Direct-Current Aircraft Machines (March. 1947) 
801 Test Code for Aircraft Interrupting Devices (August 1950) 
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RADIO AND COMMUNICATION 
ENGINEER 


Unusual opportunity with large Consulting 
Firm in New York City for Electrical Engi- 
neer experienced in communication systems, 
including telephone, radio broadcasting, and 
ultra-high frequency microwave applications. 
A knowledge of communications as related 


to the electric and gas utility industry would 
be helpful. 


Please submit résumé of experience and per- 
sonal data to Box 166, Electrical Engineering, 
500 Fifth Avenue, New York 18, N. Y. 


GRADUATE ENGINEERS 


FOR PROJECT & PRODUCT 
ENGINEERING WORK 


Opportunities & Salaries 
Commensurate with Ability 


Opportunities exist for Graduate Engineers 
with Design, Development and Product 
experience in any of the following: 


ANALOGUE COMPUTERS SERVO MECHANISMS 
ELECTRONIC CIRCUITS AIRCRAFT CONTROL 
COMMUNICATION EQUIPMENT INSTRUMENTATION 
ELECTRONIC PACKAGING PRINTED CIRCUITS 

PULSE TRANSFORMERS HYDRAULICS 

RADAR FRACTIONAL HP MOTORS 
VACUUM TUBE TECHNIQUES ; 


aso FIELD SERVICE ENGINEERS 


To Install and flight test electronic equipment. Engineering degree and 
service technical experience preferred. Assignment In U.S, & abroad 


SUBMIT RESUME TO EMPLOYMENT OFFICE 


GYROSCOPE CO. 


S Pp FE ie RY DIVISION OF THE SPERRY CORP. 
GREAT NECK, L. 1., NEW YORK 


Recommended Specification for 


<> SPEED GOVERNING OF HYDRAULIC ° 


TURBINES INTENDED TO DRIVE 
ELECTRIC GENERATORS 


The purpose of this specification (number 605, pub- 
lished for trial use) is to recommend minimum functional 
and performance characteristics relating to governors for 
hydraulic turbines intended to drive electric generators. 


Prepared by a joint AIEE-ASME Committee on A Recom- 
mended Specification for Prime-Mover Speed Governing. 


Price: $0.60; $0.30 to AIEE members. Send orders to: 
Order Department, AMERICAN INSTITUTE OF ELECTRI- 
CAL ENGINEERS, 33 West 39th Street, New York 18, N. Y. 
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There’s a place for you at American Machine & Foundry . . . where the most 
complex problems in highly-diversified fields are a welcome challenge to the 
man who seeks unlimited ceilings for his imagination, with a company that 
has tackled and conquered jobs considered “impossible” by others. 


Throughout its 51 year history, American Machine & Foundry has been 
recognized as a leader in the design and development of automatic machinery 
involving complex, high-speed moving parts. 


engineers 


INGENUITY 


Among its prominent achievements have been such revolutionary equipment 


VERSATILITY 
SECURITY 


with 


as the CIGAR MAKING MACHINE — the result of 18 years and millions 
of dollars spent in continuous research and development; and the new 
AUTOMATIC PINSPOTTER — the product of 12 years’ intensive experi- 
mentation and perfection — which automatically performs all operations in 


the bowling alley pit. 


Along with the opportunity to work on varying types of automatic machinery, 
AMF offers, in all its 12 operations located throughout the U.S.A., excellent 
salaries; stability; association with top men; and liberal employee welfare plans, 


AMERICAN MACHINE 


AND 
FO UNDRY CO MP ANY As creators and producers of electronic and mechanical equipment, we offer 
openings for PROJECT, DEVELOPMENT & DESIGN ENGINEERS in a 
wide variety of automatic machine fields — 


FOR INDUSTRY: Tobacco processing equipment FOR THE ARMED SERVICES: Antennae and 
cigarette and cigar making machinery e bakery drive units for radar systems © automatic loader 
ovens and machinery e automatic pin-spotters, for antiaircraft and naval artillery e elevating 
bowling equipment and supplies « DeWalt power and azimuth mechanisms ¢ cooling fans for 
saws @ Lowerator Dispensers e batch and continu- Army tanks e airplane parts mobile ovens 
ous mixers © stitching machines e Wahlstrom auto- electronic training devices © naval ordnance 
matic chucks and tappers © Union bakery equipment. _ various special military developments. 


Write to: Mr. Frank Valentine, Administrative Personnel Manager 


AMERICAN MACHINE & FOUNDRY COMPANY 


SPECIAL PRODUCTS DIVISION 625—8th AVENUE NEW YORK, N. Y. 
AMF does it better — automatically! 


Modern Plants 
in Buffalo and | 
New York City 
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Electrical 


ENGINEERS 


or 
PHYSICIST S 
Sam MINN 


ELECTRICAL ENGINEERS 


Interesting opportunities for experienced and 
qualified electrical engineers in design, sales, 
and application engineering departments of | 
essential electric motor manufacturer. ! 


ST 
Sal 


Immediate openings due to expanding opera- 


8 ? 
Microwave... tions and new products. 

e to develop test sets and methods on long- 

dist i i - E i d i i 
ney coratcat cf tun suACHEAMETRIGIateee, Send photo and full details of experience and 
@ filters and cavities at microwave frequencies. education to T. R. Wieseman, Vice-President 
@ Filters and Networks . in Charge of Engineering, THE LOUIS ALLIS 
Sipe oere epnesonins facilities and me- COMPANY, Milwaukee 7, Wisconsin. 
e Test... 
e to develop test facilities for the manufacture 

of communication and television transmis- F 
r sion. Basic knowledge of transmission theory Openings for 

ired. 
e require 
e Minimum Qualification: ELECTRICAL ENG ' N EERS 
B.S. Degree or Equivalent. 
t ) Write Dept. EE giving details of qualifications, MECHANICAL 
e experience and salary expected, or 2 ie ' ; 
— Requires minimum of 3 years’ design and develop- ) 
in 5 - = aes ; 
® Bastavuene Dieitaes ment experience in electrical communications or navi- 
e Monday through Saturday, 8:30 AM to 3:30 PM gation equipment. Particularly interested in design 
e Moe vickéia lenis idiirrbebi prot deetakad! and development of video circuits, transmission lines, 
t ship and social security number. Vet- and antennas. 
@ erans must present discharge papers. 4 
ESTERN ELECTRIC CO AIRMAIL COMPLETE DETAILS OF QUALIFICATIONS 
: : | PANY BENDIX AVIATION CORPORATION 

100 Central Ave. Kearny, N. J. Kansas City Division 

. SUPPLY UNIT OF THE BELL SYSTEM Kansas City, Missouri ~ 


ENGINEERS WANTED 


for PERMANENT Positions 


Design and Development 
of Electro-mechanical and Electronic Devices 


wt (BM 


TRADE MARK 


Endicott, N. Y. and Poughkeepsie, N. Y. 


Finest working conditions in modern lab- A FINE OPPORTUNITY TO DO INTER- 
oratories and plants. Good salaries .. . ESTING, CREATIVE, LASTING WORK 

. TO SETTLE IN A PLEASANT, CON- 
GENIAL COMMUNITY. Write, giving full 
details including education and experience, — ‘ 
to: 7 


Opportunities for advancement .. . and 
exceptional employee benefits. 


Advanced degree or experience required in Mr. R. H. Austin 


International Busi i 
GYROS HYDRAULICS OPTICS URIS re cian Machines 


SERVOS ELECTRONICS RADAR Endicott, N. Y. 
MECHANICS ELECTRICITY INTERVIEWS ARRANGED IN YOUR CITY 
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ELECTRICAL ENGINEERS WANTED 


For Application Engineering and Negotiation Work 


on Electrical Apparatus 


To specialize in specific industries, such as: 


e CENTRAL STATION 
e MILL INDUSTRIES 
@ METAL WORKING 


e MINING AND CHEMICAL 
e PAPER AND PULP 
e MARINE 


Finest Working Conditions 


Applicants should have high intelligence, commer- 
cial sense, sound engineering background, pleasing 
personality. Exceptionally interesting, well paid 
work for men with necessary high qualifications. 
Some travelling. Good working conditions—life, 
sickness insurance, benefit and pension plan. 


Apply: Manager, Industry Applications Sales Dept. 


CANADIAN WESTINGHOUSE COMPANY LIMITED 
Hamilton, Ontario 


ELECTRICAL ENGINEER 


Graduate, with five to ten years’ experience 
in design of steam and hydro-electric power 
plants and high voltage substations. Excel- 
lent opportunity with large consulting firm in 
New York for Engineer with satisfactory qual- 
ifications. 


Please send résumé of experience and sum- 
mary of personal data to Box 164, Electrical 
Engineering, 500 Fifth Avenue, New York 18, 


There’s a Better Job for You at 
Hamilton Standard 


Leading engineering firm in an essential industry offers: 


Immediate Openings + Excellent Pay 


Insurance and Retirement Income Plans 


Opportunities for Advancement 


Hamilton Standard needs experienced engineers now 
to develop vital aircraft equipment. 


Put your own ideas and experience 
to work at Hamilton Standard, 
top engineering firm in the field 
of aircraft equipment design and 
production. 

Help develop supersonic equip- 
ment, cockpit air conditioning 
and other aircraft accessories and 
propellers. 

Build your future with a sound 
engineering organization in a field 
with a bright future, both in mili- 


HAMILTON 


tary and commercial aviation. 

Live and work in the heart of 
beautiful New England. Settle 
your family where there are ex- 
cellent schools . . . fine shopping 
districts . .. moderate living costs. 

Let us have your resume now. 
State age, experience, qualifica- 
tions, marital status, pay expected. 
All replies will be answered. Ad- 
dress Personnel Manager, De- 
partment J 


STANDARD 


One of the Four Divisions of United Aircraft Corporation 
EAST HARTFORD, CONNECTICUT 


June 1951 
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ATOMIC ENERGY 


INSTALLATION 
NEEDS 


ELECTRONICS ENGINEERS 


Two to ten years’ experience in research, design, 
development or test. Patent history desirable but 
not necessary. A variety of positions open for 
men, with Bachelor's or advanced degree, qualified 
in one or more of the following fields. 


UHF TECHNIQUES 
PULSE CIRCUITS 
SERVO-MECHANISMS 
TELEMETERING 
RELAYS 
LOW POWER APPLICATION 
INSTRUMENTATION 
STATISTICAL ANALYSIS 
TEST EQUIPMENT RELATING TO 
THE ABOVE FIELDS 


CAREER DRAFTSMEN 


Experienced men with no college degree 


THESE ARE PERMANENT POSITIONS with 
Sandia Corporation in Albuquerque, New Mexico. 
Sandia Laboratory is operated by the Sandia Cor- 
poration, a subsidiary of the Western Electric Com- 
pany, under contract with the Atomic Energy Com- 
mission. This laboratory offers good working con- 
ditions and liberal employee benefits, including 
paid vacations, sick leave, and a retirement plan. 


Albuquerque, center of a metropolitan area of 
150,000, is located in the Rio Grande Valley, one 
mile above sea level. The ‘Heart of the Land of 
Enchantment," Albuquerque lies at the foot of 
the Sandia Mountains, which rise to 11,000 feet. 
Climate is sunny, mild, and dry the year ‘round. 


MAKE APPLICATION TO: 
Professional Employment Division 
SANDIA CORPORATION 


Sandia Base Albuquerque, New Mexico 
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MORGANITE 


CARBON PILES 


—for smooth 
voltage control 


This simple method of voltage 

control has proven reliable in countless 
miles of transportation through the air 

and on the ground. Let Morganite engineers 
demonstrate its advantages to you. Your 
inquiry will receive prompt attention 

and there will be no obligation 

on your part. 


INCORPORATED 
LONG ISLAND CITY 1, NEW YORK 


PEGISTERED — 


[ees 


TRADE MARK 


Manufacturers of Morganite Carbon Brushes ond Self-Lubricating 
Carbon Specialties including Seals, Rings, Valves, Bearings, etc, 
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Use this I-T-& guide to help you prepare 
your switchgear Specifications quickly and accu- 
rately. 

It will make your specification Preparation 
€asier, whether it be power Switchgear or iso- 
lated phase bus, because it is written from your 
viewpoint and contains basic information help- 
ful in developing your single line diagram. 


It will help you get your equipment built 
in accordance with applicable industry stand- 
ards, and it will Provide you with a sound basis 
for the accurate evaluation of bids. 


It will save you time and money, paving 
the way to speedier delivery of your switchgear, 

Guide for Specifications is yours for the 
asking. Write for it today! I-T-E Circuit 
Breaker Company, Philadelphia 30, Pa. 

Subsidiaries: Railway and Industrial Engi- 
neering Co., Greensburg, Pa., Eastern Power 
Devices, Ltd., Toronto, Canada. 


Cole Electric Co. 


Culver City, Calif. 


8439 Steller Drive TExas 0-4701 


AIR BREAK DISCONNECTING SWITCH 
115,000 volts—1200 amperes 
Type 0-2 
Underhung mounting. Three-pole, single throw. 
Group operated. One pole shown. 
Silver to silver contacts, 


70A Please mention ELECTRICAL ENGINEERING when writing to advertisers 


a Moderately Priced 


Five Ranges Four Scales cover the ranges from 0.1 to 150 
volts a-c (full scale 1.5, 5, 15, 50, and 150 volts). 


Accurate + 3% of full scale on all ranges; r-m-s values 
of sine-wave voltage. 
Frequency Range W4thout correction, up to 120Mc with 
maximum error of 10%. Correction curve supplied. 


Input Impedance Equivalent input capacitance of probe 
1s 11 uuf ; with plug connectors 12 umf; equivalent paral- 
lel input resistance 7.7 megohms at low frequencies. 


Single Zero Adjustment for all ranges. 


Internal Calibration Control Szngle adjustable resistor 
corrects calibration if amplifier tube is changed. 


Auxiliary Connectors aG-R double plug, pair of 30" test 
leads, pair of test prods and iwo alligator 
clips supplied as accessories. 


Small—Light only 9% Ibs. 


Type 1803-A 
Vacuum-Tube Voltmeter 
Soo. 


The Probe with its com- 
pletely shielded case re- 
moved. Twin diode tube 

: in probe has an inactive 

HROUGH the elimination of many Section connected to the 

unecessary frills and extra circuit refinements which grid of one triode in V-2 

ould be necessary in a meter with ohmeter and d-c circuits and scales, G-R presents this amplifier while active 

¢ vacuum-tube voltmeter with a straightforward circuit and with accuracies sufficient for section is connected to 


ost laboratory requirements at a very moderate price. the grid of the other tri- 
ode, both sections of the 


Substantially duplicating the performance of the very popular pre-war Type 726-A instru- limplifien tone asta 
ent, this new Type 1803-A Vacuum-Tube Voltmeter sells for less than its predecessor and is halanccd Meee 
aproved over the older model in that it is smaller, lighter, has a probe that is also smaller halanced smelt 
id completely shielded, has a single zero adjustment for all ranges and a power supply not sures very litile sero shéfi 
mited to operation at a single frequency. when line voltage varies. 


The probe plugs into clips on the side of the cabinet, in which position the auxiliary test 
ads and terminals supplied with the instrument can be conveniently attached to the 


put connections. Write for Complete Data 


GENERAL RADIO Company 


275 Massachusetts Avenue, Cambridge 39, Mass. 
90 West Street NEW YORK 6 920 S. Michigan Ave. CHICAGO 5 1000 N. Seward St. LOS ANGELES 38 
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The new RCA 


Now ... RCA electrostatic focusing in a 
super-large 21” kinescope . . . combining 
all the advantages of this new RCA tech- 
nical achievement with the superior con- 
structional features of metal-shell picture 
tubes. The tube provides television pictures 
of equal or better quality than magnetically 
focused types and is a lasting, long-range 
engineering accomplishment which goes 
beyond the present program to conserve 
critical materials. 

The new RCA-21DP4 has a maximum 
over-all length of only 2254", and a picture 
area of 1834” x 1315{¢”. The frosted Filter- 
glass face is made of high-quality glass, pro- 
vides improved contrast, and minimizes 
specular reflection. Since the tube utilizes 


metal rectangular kinescope 


the structural strength of steel, and weighs 
substantially less than a comparable all- 
glass tube, it can be safely shipped in the 
receiver. 

The RCA-21DP4 employs an electron 
gun of improved design that provides good 
uniformity of focus over the entire picture 
area. Focus can be maintained automatically 
with variation in line voltage and with 
adjustment of picture brightness. Because 
the focusing electrode draws very little 
current, the voltage for the focusing elec- 
trode can be provided easily and economi- 
cally. Design-center maximum voltage rat- 
ing is 18 kilovolts, diagonal-deflection 


ys 


angle 70°, and horizontal-deflectiot 
angle 66°. 

RCA Application Engineers are read 
to consult with you on the applicatiot 
of the RCA-21DP4 and its associated com 
ponents to your specific designs. For furthe 
information, write RCA, Commercia 
Engineering, Section 39FR, Harrison, N.J. 


or your nearest RCA field office. 
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FIELD OFFICES: (EAST) Harrison 6-800 
415 S. 5th St., Harrison, N. J. (MIDWE 
Whitehall 4-2900, 589 E. Illinois St., Chica 
Ill. (WEST) Trinity 5641, 420 S. San Pe 
St., Los Angeles, California. 


RADIO CORPORATION of AMERICA 


ELECTRON TUBES 


HARRISON, N. J. 


